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TITLE OF THE INVENTION 

BIARYL SUBSTITUTED 6-MEMBERED HETEROCYLES AS SODIUM CHANNEL 
BLOCKERS 

FIELD OF THE INVF.NTTOM 

The present invention is directed to a series of biaryl substituted 6-membered 
heterocyclic compounds. In particular, this invention is directed to biaryl substituted 6- 
membered pyridine, pyrimidine and pyrazine compounds that are sodium channel blockers useful 
for the treatment of chronic and neuropathic pain. The compounds of the present invention are 
also useful for the treatment of other conditions, including, for example, central nervous system 
(CNS) borders such as epilepsy, manic depression, bipolar disorder, anxiety, depression and 
diabetic neuropathy. 

BACKGR OUND OF THE INVF.NTTOM 

Voltage-gated ion channels allow electrically excitable cells to generate and 
propagate action potentials and therefore are crucial for nerve and muscle function. Sodium 
channels play a special role by mediating rapid depolarization, which constitutes the rising phase 
of the action potential and in turn activates voltage-gated calcium and potassium channels 
Voltage-gated sodium channels represent a multigene family. Nine sodium channel subtypes 
have been cloned and functionally expressed to date. [Clare, J. J., Tate, S. N., Nobbs M & 

^Z^l™ V ° ltage - gated S ° diUm Channels as ^rapeutic targets. Drug Discovery ' Today 5, 
506-520 (2000)]. They are differentially expressed throughout muscle and nerve tissue! and 
show distinct biophysical properties. All voltage-gated sodium channels are characterized by a 
high degree of selectivity for sodium over other ions and by their voltage-dependent gating 
[Catterall, W. A. Structure and function of voltage-gated sodium and calcium channels. Current 
Optmon m Neurobiology 1, 5-13 (1991)]. At negative or hyperpolarized membrane potentials 
sodium channels are closed. Following membrane depolarization, sodium channels open rapidly 
and then inactivate. Sodium channels only conduct currents in the open state and once 
inactivated, have to return to the resting state, favored by membrane hyperpolarization, before 
they can reopen. Different sodium channel subtypes vary in the voltage range over which they 
activate and inactivate as well as in their activation and inactivation kinetics. 

Sodium channels are the target of a diverse array of pharmacological agents 
including neurotoxins, antiarrhythmics, anticonvulsants and local anesthetics. [Clare J J Tate 
S. N., Nobbs, M. & Romanos, M. A. Voltage-gated sodium channels as therapeutic targets Drug 
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Discovery Today S, 506-520 (2000)]. Several regions in the sodium channel secondary structure 
are mvolved m factions with these blockers and most are highly conserved. JZ. mt. 
somum c anne! Mockers known to date interact with similar potency with all channel uZL 
N verrhelesa r, has been possible to produce sodium channel blockers with therapeutic 

TT , 3 SUfHCient theraPeUtiC Wind ° W f ° r "» ' of ft* taotrigine 

SSUr CalbamaZePine) ^ Cenai " C «* c <- '^ne tocainilTd 

It is well known that the voltage-gated Na + channels in nerves play a critical role 

Ztin ST ,° ,,he ~ V0 ™ SyStem 0fte " — ' «■ -opathi Paif 

Z£? » ^ rfl,e,mMinj ^ ra0lveS Ex -P'-°f--Pa.Wc pain include, bu, are no, 
tented to, postherpetic neuralgia, trigeminal neuralgia, diabetic neuropathy, chronic lower back 
parn, phantom hrnb pain, pain resulting from cancer and chemotherapy. cbLnic pe.vicZ 
complex regrona. patn syndrome and related neuralgias. It has been shown in human patients as 

2 ZL m T otMmopMc pain - * at to ™ «*■« — ^ — 

can lead to neuroma formation and spontaneous activity, as we., as evoked activity to response to 
normally mnocuous stimuli. [Carter, O.T. and B.S. Galer, Advances in ,He nanaJeJZ 

r~;Ce " Medicine and Rehabiutation c,inics ° f N °" h A — i «» "<* 

p. 447-459]. The ectoprc acbvtty of normally silent sensory neurons is though, to contribute ,o 
— " nMin,e,,anCe " Pai "- ^ * ^ — * - 

Meed, in rat models of peripheral nerve injury, ectopic activity in the injured 
^responds to the behavioral signs of pain, In these models, intravenous apphcation o, 
•he sodrum channel blocker and local anesthetic Hdocaine can suppress the ectopic activity and 
reverse the tactile allodyma a, concentrations that do not affect genera] behavior and mo oT 
unction. [Mao. * and L.L. Chen. Sys,enUc Cocaine for neuronic pa* relief. Pain, 2000. 87- 
P7-17]. These effective concentrations were similar to concentrations shown to be clinically 
effi^rous ,„ humans. [Tanelian. DX. and W.O. Bmse, NeuropaMc pain can be 
^ha, are u^penden, ^channel Mockers: Mocaine, carbamavpine and 

mZwrT ^ mh 74(5>: P 949 - 9513 ' In 3 P'-bo^ntrolled study, continuous 
mfuston of hdocame caused reduced pain scores in patients with peripheral nerve injury and in a 
separate shady, mtravenous Hdocaine reduced pain intensity associated with postherpetic* 
neumlgra (PHN). [ Mao, , and L.L. Chen, Sys,e,nic lUocaiaeM ne^l^. Pain 
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2000. 87: p. 7-17. Anger, T., et al., Medicinal chemistry of neuronal voltage-gated sodium 
cliannel blockers. Journal of Medicinal Chemistry, 2001. 44(2): p. 115-137] Lidoderm® 
hdocaine applied in the form of a dennal patch, is currently the only FDA approved treatment for 
PHN [Devers, A. and B.S. Galer, Topical Hdocaine patch relieves a variety of neuropathic pain 
conditions: an open-label study. Clinical Journal of Pain, 2000. 16(3): p. 205-208] 

In addition to neuropathic pain, sodium channel blockers have clinical uses in the 
treatment of epilepsy and cardiac arrhythmias. Recent evidence from animal models suggests that 
sodrum channel blockers may also be useful for neuroprotection under ischaemic conditions 
caused by stroke or neural trauma and in patients with multiple sclerosis (MS). [Clare J 1 et al 
And Anger, T. et. al.]. 

International Patent Publication WO 00/57877 describes aryl substituted 
pyrazoles, imidazoles, oxazoles, thiazoles, and pyrroles and their uses as sodium channel 
blockers. International Patent Publication WO 01/68612 describes aryl substituted pyridines 
pyrrrmdines, pyrazines and triazines and their uses as sodium channel blockers. International' 
Patent Pubhcation WO 99/32462 describes triazine compounds for the treatment for CNS 
disorders. However, there remains a need for novel compounds and compositions that 
therapeutically block neuronal sodium channels with less side effects and higher potency than 
currently known compounds. J 

SUMMARY OF THF. TMVPMTTtpxt 

The present invention is directed to biaryl substituted 6-membered pyridine 
pynmidine and pyrazine compounds which are sodium channel blockers useful for the treatment 
of chrome and neuropathic pain. The compounds of the present invention are also useful for the 
treatment of other conditions, including CNS disorders such as anxiety, depression, epilepsy 
mamc depression and bipolar disorder. This invention provides pharmaceutical compositions 
comprising a compound of the present invention, either alone, or in combination with one or 
more therapeutically active compounds, and a pharmaceutical^ acceptable carrier. 

This invention further comprises methods for the treatment of conditions 
associated with, or resulting from, sodium channel activity, such as acute pain, chronic pain 
visceral pain, inflammatory pain, neuropathic pain and disorders of the CNS including but not 
limited to, anxiety, depression, epilepsy, manic depression and bipolar disorder 



WO 2004/084824 



PCT/US2004/008532 



DE TAILED PES CRTPTTOM O F TTTF PjVENTION 

The compounds described in the present invention 

or (H): 



are represented by Formula (I) 




or 



CD 




00 



or a pharmaceutical^ acceptable salt thereof, wherein 
HET-1 is one of the following heterocycles: 



p,a d_ /^V Am\ N./^vrJ 



5^ .R, |- 



2 R 3 R 2 



jV W VV 1 Vv 
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HET-2 is one of the following heterocycles: 



V 




R 5 



NV*N 



R 4 




R 5 



R 



N 





R 1 is 
(a)H; 

cycloalkyl], any of which is optionally substituted with one or more of S£ 
substituents- V pp rw^. ^ x . or more or the following 

fT^f ' COO - (C '- C ^ alk )". COOH, CN, CONR'R>, SO.NR-R" Na[ J ml 

(c) - 0 - c '- c e-^yl.-0-C 3 .C 6 -cycloalkyl,-S-C 1 -Q-alkylor-SC r ™i n. ■ 

optionally aubstituted with one or more of L fnll ^^^'^l. any of whieh is 

OaKyi, S(Owc,WoSC7nSo:: F ' CF3> ° H ' °- (C| - 

COOH, CN, CONRV, SoW N«S ' «X>- ( C,-C<)a. M , 

CO-OR-, ix) -(QMalltyltcO N^^> i ^ f 0 ^ 1 " 00 - 0 ^ »"0 -(Co-4alky.)-NH- 

xiiD -C.-^alky, IX til ! ^ " "* - S02N(R *> (R ^ *"> 

; <-l-10alkyl, wherein one or more of the alkyl carbons can be 
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(g) -OCON(R a )( R b ), or -OS0 2 N(R a )( R b ); 

(h) -SH,or-SCON(R a )CR b ); 
(0 N0 2 ; 

(k) -CH(OR»)R',-C ( 0R')CF J ,-CH(NHR'')R-,.C(==O)R»,C(=0)CF 3 -SOCH, SO PN 

SQrfWW. -C(=NH)NH2, -CR>=N-OR«, CH=CHCONR-R' Com' CoX- ' 
0) -CONR-CCBbV^C R^GH^CONR-R'- ^R R . CONR , CONHR ; 

(n) -CCR^CCRVCOOR 0 , or -C(R a )=C(R b )-CONR a R b ; 
(o) 

R 1 ? R b R b Rb 



CONR a R b 



(P) pxpeadm-^1 m orpholi„-4- y l, pyrroHdin-l-yl, piperazin-l-yl or 4-susbstituted piperazin 1 

subsets selected^i)™." 

2in^ X K xn) -NR SO2R xui) -Q-C^perfluoroalkyl and xiv) -O-C-C- 
perfluoroalkyl; 4 



R a is 
(a)H; 
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(b) Q-Q-alkyl, optionally substituted with one or more of the following substituents- F CR 
OH, 0-( Cl -C 4 )alkyl, SCOcHQ-C^alkyl, -OCONH 2 , -OCONHCC.-Qalkyl), -OCON(C ' 

nhIcT^^ 

NHCC-Qalkyl), NCQ-QalkyDCC^Qalkyl), NHCQ-Qalkyl-aryl), NCC^QalkylV^C alkv 
aryl), NHCONH 2 , NHCONH(Ci -C 4 alkyl), NHCONH^-Qa^lU;.^™ 
QalkylXC-Qalkyl), NHCONfC-QalkylXC^Qalkyl-aryl), NCC.-QalkyDCONCC,- 
QalkylXC^alky^^ 

.COOB. CN, CONH 2 , CONHCCQalkyl), CON^-Qalkyl^cX),^ 

^^^,?^ Q ^-* ,1X S02N(Cl " W^-Qalkyl), NHS0 2 NH 2 , - 
C(-NH)NH 2 , tetrazolyl, tnazolyl, imidazolyl, oxazolyl, oxadiazolyl, isooxazolyl, thiazolyl 
furyl tfoenyl, pyrazolyl, pyrrolyl, pyridyl, pyrimidinyl, pyrazinyl, phenyl, piperidinyl, 
morphohnyl, pyrrolidinyl or piperazinyl; 

(c) C 0 -C4-alkyl-(Ci-C 4 )-perfluoroalkyl; or 

(d) -C.-Q-alkyl-aryl, wherein aryl is phenyl, pyridyl, pyrimidinyl, furyl, thienyl, pyrrolyl 
tnazoly pyrazolyl, thiazolyl, isoxazolyl, oxazolyl, or oxadiazolyl, any aryl of which i 
Mr suited with 1-3 substituents selected from i) F, CI, Brf« -CN, *) -NG 2 , iv) 
-C(=0)(C,-C 4 -alkyl), v) -OCQ-Q-alkyl), vi) -NCC.-Q-alkylXQ-Q-alkyl), vii) - Cl . 10 alkyl 
and vm) -Q-ioalkyl.wherein one or more of the alkyl carbons can be replaJbya O - 
S(0),. 2 -, -O-C(O)-, -C(0)-0-, -C(0)-,-CH(OH)-,-C=C-,or-C^C-; ' 

R b is 
(a) H; or 

(b> ° Pti0nally SUbStitUted ^ ° ne ° r m ° re ° f the followin 8 substituents: F, CF 3 

OH, 0-(Ci-C4)alkyl, S(0)o- 2 -(Ci-C 4 )alkyl, -OCONH 2 , -OCONH(Ci-C4alkyl), NH 2 NH ' 
NH Q Qalkyl), NCQ-Qalkyl), NCQ-QalkylXQ-QalkyI), NHCONH 2 , NHCONH( Cl - 
C 4 alkyl), -NHCONCQ-QalkylXC-Qalkyl), COO-CC-Q-alkyl), COOH, CN, pyridyl 
piperidinyl, pyrimidinyl, piperazinyl, CONH 2 or (Q-QalkyOCONH.- or' 
R and R . together with the N to which they are attached, can form a 5- or 6-membered ring 
which optionally contains a heteroatom selected from N, O, and S, and wherein said ring is 
optionally substituted with 1-3 substituents selected from i)F CI Br I ii) C N ^ 
C(=OXR>), v) -OR", vi) -NR a R b , vii) -CO^alkyl-CO-OR^, ^^2' * " 
-(CO^-CO-NCR^, x) Wl xi) -S02N(R a )(R b ), xii) C\ ' ' 

lOalkyl, and xiv) -O-; ' i- 
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T> 3 

R andR each independently is: 

(a) H; 

(b) - C,-C 4 -alkyl, or -O-Ci-Q-alkyl; 
-^^ I b - Cl - C4 -P erfluoro ^yl. or -O-Co-Q-alkyl-Q-Q-perfluoroalkyl; or 

R 4 and R 5 each independently is: 
(a) H; 

substituted with one or more of the following substituents: F, CF,, -CHC-OWIrvl rNr 
NCRMex ^toBXPrCW. COOR*. CO N (R. )( R^ ^ ' ^ ~ 

Wen^n^'J ^'- C ^'-^' — ■* «■ Phen; pyridyl, pyrhnidinyl, 
.furyl, threnyl, pyrrolyl, trtazolyl, pyrazolyl, thiazolyl, isoxazolyl, oxazolyl or oxadiazolvl 

u7cN °'^n " ? HOnaBy SUbStitU,ed ^ " sub ~ seleeJtC I 
I ,™ ^ 'I' ^ (=OKR1) ' V> -° R *' "> ™> -C0-4aUeyl-CO^ ^ j 

-NR SG2R-, xn.) -C,. 10%1 , and xiv) -Ctoalkyl.wherein one or more of *e alky! 
carbons can be replaced bv a -NR a - - o *tc\\ r\ 

S™ al ^l; Cl ; C4 " I>elflUOr0alky1 ' "-O^-^-C-Q-perfluoroalkyl; or 

CUOR, CON(R )(R ), or aryl, wherem aryl i s phenyl, pyridyl, pyrimidinyl, furyl thienvl 
pyno yl, tnazoly,, py^o.y,, Uwi% isoxazolyl , oxa2 o,yl, or oxadiazo.y, Z^7 

rn npa - , " „ ' ' V ° _NR R ' Vll) -C0-4alkyl-CO-OR a , viii) -(Co- 4 alkyl)-NH- 

6 7 8 

R , R and R each independently is* 
(a)H; 
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(b) C-Q-alkyl, Q-Q-alkenyl, C 2 -C 4 -alky„ y l or C 3 -Q-cycloalky 2 . any of which is ontionaHv 
subsututed with one or more of the following substituents: 7,U OH O t 

6O 2 mR,S(0)„. 2 (C,-C 4 -alkyl), -C(=NH)NH 2 , tetrazolyl, triazolyl, inridazolvl nxa^tvi 
oxad.azo.yl, iso0 xazolyi, .hiazoly., fury,, thie nyl, prolyl, pyn^.y ZS^Z^ 
^.P^yl.pipendiny,^^ 

(c) -O- C-Q-alkyl, -^-Q-cycloalkyl, -S-C,-C 6 -alkvl or SC r , i ,_ , 

optionally substituted with one or more of fte it! "S-Ca-Q-cycloalkyl, any of which is 
o n 11 , xtx T * 0,6 Mowin 8 substituents: F, CR OH O (r 

COJBJ* , NH 2 , NHtC.-CVatty,), COOH , CN, CONH WjZl c 

pynolyl, taazolyl, pyrazolyl, thiazolyl, isoxazoiyl, oxazolyl, or oxadiazolyl anya^T of 

CO-OR a , ix) -<C(>4alltyl)-CO.N(R (, XR b )» x) ^^^^^ -SQ^^R*^^ xi^^[^S(*^R* 
xm -Cl loalltyl. and xiv) -C I . IO a ft yl,whe re i n one or more of L^, oil Zbe ' 

or aryl wherein ary, is phenyl, pyridyl. pyrimidinyl, fttry Zyl. ^ «^ yl 

COT,, v, -OR', vi) -NR-R*. vii) .c cWcO-OR.. U H TOOR. 
.x) -(C0-4alkyl)-CO-N(R , )(R b ), x ) -SCO)**', xi) -SO^rR^ x» f ^ 
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• ^ ^ md R? m Pr6Sent ° n adj3Cent Carbon atoms > r6 and R 7 , together with 
the benzene nng to which they are attached, can fonn a bicyclic aro m atic ring selecS" 
naphthyl, mdolyl, q uinolinyl, isoquinolinyl, quinoxalinyl. benzofuryl, benzothie^yl 

CO^Cn XC °- 4alkyl) ' 

CO-O(C0- 4 aUcyl), xx) -(^alkyO-CO-NC^alkylKCtMalkyl), x) -S(C 0 ja*J) xi) ~ 

In one aspect, the present invention provides a compound described by the 
chemical Formula (I), or a pharmaceutical* acceptable salt thereof 

He, "h fik * f emb0diment ° f 11,18 one «W *e present invention provides a compound 
descnbed bythe chemical Formula (I), or a pharmaceutically acceptable sa^t thereof, 



HET-1 is 




hi another embodiment of this one aspect, the present invention provides a 



25 HET-1 is 




3 R 2 
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In a further embodiment of this one aspect, the present invention provides a 
= nd described by the cheraicai Formma <!), or a pharmaceutical* acceptable sait thereof, 



HET-1 is 



0 




In yet another embodiment of this one aspect, the present invention provides a 
compound described bv the chemical Pnrm„io m u proviaes a 

wherein ®' " * P harmaceutic ^y acceptable salt thereof, 



HET-1 i 



is 



W 1 

R 3 R 2 • 

a a & u Sti11 fUrth6r embodiment of this aspect, the present invention provides a 
~descnbedb y the chemical Formula Cacr.p*™^.^^^ 

HET-1 is 

R 3 R 2 • 

fe ^ 0teemlX ^ n,rfWsOTe ^.»«P^tmvenaonpr 0 Wdesa 
^ ^ " " ° r * P"— «- Uy acceptable^ thereof. 
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HET-1 is 




„ „ ^ y u SM an ° ther embodiment of Ms one aspect, the present invention provides 

;3 



HET-1 is 



YY Rl 

R 3 R 2 • 



10 * A ^ 3 ^ fUIther embodiment of this aspect, the present invention provides a 

10 = nd ^bedoythe^ 



HET-1 is 



'XT 



In a yet still further embodiment of this one a^t th~ ™™ . • 
a compound described by the chemical For™!* m k ? mVentl ° n Pr ° VideS 

wherein ^ 0r * P harmaceutic ^y acceptable salt thereof, 

20 

R 6 is other than H and is attached at the ortho position. 

chemical F^ZT* T* ^ * C °^ 0md descri ^ by the 

chemical Formula (H), or a pharmaceutical^ acceptable salt thereof. 
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In an embodiment of this second aspect, the present invention provides a 
compound described by the chemical Formula (13), or a pharmaceutical* acceptable salt thereof, 



HET-2 is 



10 fcano * erembodim ^ofthi SS econda S pect,thepre S eminve„ttonp ro videsa 
compound described by the chemical Fonnula 00, or a pharmaceutic*!* acceptable sal. ftemof, 

HET-2 is 

15 




In a further embodiment of this second aspect, the present invention provides a 
20 ZrT ^ ^ ChemiCal F0ImUla ^ ° r a eutically acceptable salt thereof, 



HET-2 is 




25 a ^ I' 1111 fUrth6r embodiment of «• seco "d aspect, the present invention provides 

25 -ompounddescnbedbymechermcalFormula^o^ 
thereof, wherein 
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HET-1 is 




In yet another embodiment of this second aspect, the present invention provides a 
compound represented by the Formula (II), or a pharmaceutical* acceptable salt thereof, wherein 



HET-1 is 



YY"' 

1/ v-.N 



!i3 Rp 



In an other embodiment of this second aspect, the present invention provides a 
compound represented by the Formula (H), or a pharmaceutical* acceptable salt thereof, wherein 



HET-1 is 




In a still other embodiment of this second aspect, the present invention provides a 
compound represented by the Formula (H), or a pharmaceutical* acceptable salt thereof, wherein 
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HET-1 is 



R 3 R 2 . 

In yet still another embodiment of this second aspect, the present invention 



HET-1 is 



IT 



to a yet further embodiment of this second aspect, the present invention provides 
a compound represented h y the Fomtuta (D), or a pharmaceutical acceptab.e sai, thereof! 



HET-1 is 

R 3 H 2 . 

provide, a ™ " 3 7 8M ^ emb0diment of Ws a^ct, the present invention 
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HET-1 is 



YV 



In an additional enActont of this second aspect, the present invention provides 
rePreSemed ^ ^ " ^ OT 3 P»— «-U y accepable sa,, thereof 

HET-1 is 



) 



nrY 



nrovirf.. ^ 3 T additi ° naI enlbodimen, of this aspect, the present invention 

z^: h 3 md ™^^^ F ^ aTO - OTa ^«-p^sa, t 



thereof, wherein 

HET-2 is 



nrovid- Ina ^ taddi aonal embodiment of ftis second aspect, the present invention 
Z£ZT ""^^^^"^-^■'"^acceptabiesa.t 
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HET-2 is 



3 



R° 



ornvid, ^ 3 "f" addia ° naI emb0dimei " of **» «P««. the present invention 

"wh^r rePreSen,ed ^ FOmU ' a TO m 3 *— * acceptab.e sal, 



HET-2 is 



R 5 



orovide, ta 3 ^ emb0diment ° f ,his ««°*<> -P~t, the present invention 



HET-2 is 



R 5 




nrovide, . , " * T ^ embodinKnt ° f Ws «**" the present invention 

tfwreor^vvhCT^'n ° U represented by the Formula (H), or a pharmaceutically acceptable salt 
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HET-2 is 




For™,* <m ^ ^ inVenti ° n pr ° VideS a Com P° und represented by the 

Formula (II), or a pharmaceutical^ acceptable salt thereof, wherein 



HET-1 is 



10 



R 3 ' R 2 



and 



HET-2 is 



15 




For™.* rm ^ \ f ° Urth ^ inV6nti0n pr0VideS a cora P° un d represented by the 

Formula (11), or a pharmaceutical^ acceptable salt thereof, wherein 



HET-1 is 



20 



R 3 R 2 



and 
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HET-2 is 




Formula <m ^ & ^ *° Pr6Sent P^ 68 * C ° m P° Und re P rese ^ by the 

Formula (H), or a phannaceutically acceptable salt thereof, wherein 



HET-lis 





As used herein, "alkyl" as well as other groups having the prefix "alk" such as for 
example allcoxy, aUcanoyl, alkenyl, and alkynyl means carbon chain! which may be linear or 
Whed or combinations thereof. Examples of alky, groups include methyl, ethyl p^l 

" incl d^" r f^' Penty1 ' h6XyI ' ^ heptyh ■ W ^ 

like terms mclude carbon chains containing at least one unsaturated C-C bond 

mono h- J^T'^ 10 ^ 

mono-, br- and tocychc saturated carbocycles, as well as fused ring systems. Such fused ring 
y*rns can.clude onering that is partially or fully unsaturated such as a benzene ri^l 
fused nng systems such as benzofused carbocycles. Cycloalkyl includes such fused ring sy^s 
as prrofusednng systems. Examples of cycloalkyl include cyclopropyl, cyclobutyl oycZlZl 
cyclohexyl, decahydronaphthalene, adamantane, indanyl, indenyl, fluoLyl and SsT^ 
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tetmhydronaphalene. Similarly, "cycloalkeny!" means carbocycles containi no heteroatoms 
and a, ,east one non-at^matic C-C double bond, and include mono-, bi- and ZTyc Uc^tiT 
saturated carbocycles, as well as benzofuseri cydoaikenes. Examples of cycl^vlCS 
cyclohexenyl, and indenyl. cycioalicenyl include 

sin.!,, ri„ ^ " aryI " in ° IUdeS ' bU ' iS n °' Umited » ^bstituent that is a 

atoms A , t ? e r" CM ^ rtoClUtedky,S ~ ng6 ' 5 ' 4 - 3 - 2 ' 1 ^«»-bon 
atoms. An alky, wth »„ carbon atonB „ , hydK)gen ^ 

teontnal group and is a direct bond when the alky, is a bridging group 

•nazoly., and tetrazolyl. Examples of hetemcycloalkyb indude azetidiny. p™Tdt 
tf a tenmna, group. Analogous bridging or tetmina, gro „p S «. clear for 0 or s 
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The term "amine," unless specifically stated otherwise, includes primary 
secondary and tertiary amines. F»u«ry, 

The term "carbonyl," unless specifically stated otherwise, includes a Co ealkyl 
substrtuent group when the carbonyl is terminal. 
; The term "halogen" includes fluorine, chlorine, bromine and iodine atoms 

unsubsututed tTusT """"T' 3 ' SUb ' a,Uted " " <° ^ "»* subslitattd «* 

un ubshtuted. Thus, for example, optronaUy substituted aryl could represent a pentafluorophenyl 

or a phenyl ring. Further, optionally substituted multiple moieties such as, for example adkylaryl 
« m^ied t „ mean that me alky, and the ary, gmups are opfiopaUy subsrihrted 7omy ™7 
themutople motebes rs opuonally substituted then i, wifl be speciflcaUy recited such J T 
alkylaryl, the aryl optionally substituted with halogen or hydroxy!." 

Compounds described herein may contain one or more double bonds and may 

mirZ™ *""* " S ^ ^ C0nfOnnatlOna, " ™» — «n 
"se ^ ~ " ^ " ^ ° f SUCh « — specificafly stated 

mav thus «iv C °77 dS deSCribed hereta can «e or more asymmetric centers and 

may thus grve nse to ^stereoisomers and optica! isomers. The present invention includes all 
such posable drastereoisomers as wefl as their racemic mixtures, their substenuafly pure 

Z^rT"*K ^ P0 " WB ge ° metriC iSOmere ' ^ P«— bcafly acceptable salts 
thereof. The above chemical Formulas are shown without a definitive stereocherLy a. certain 
posmons. The present invent, includes aU stereoisomers of the chemical Formulald 
phamaaceuncafly acceptab.e aal«a .hereof. Further, mixture, of stereoisomers as we,, aTLated 
specrfic stereorsomers ate also included. During the course of the synthetic pmcedul u" 

stalled ,n fte art, the products of such procedures can be a mixture of stereoisomers 
nh„ ^ Jhe term "pharmaceuttcaUy acceptable aalts" refers to salts prepared from 
pharmaceuueafly acceptable non-toxic bases or acids. When the compound of the pZn, 

18 T A T nms sa " can be c ~ ntly » *» Ph— l„y 

acceptable non-toxrc bases, including inorganic baaes and organic bases. Sate derived from such 
morgan* basea inciude atamnum, ammonium, calcium, cepper (ic and oua), ferric 
hthtum. magnesium, manganese (ic and oua), potassium, sodium, zinc and the Z 
denved from pharmaceutical* acceptable organic non-toxic baaes include aalts of Imary 
secondary, and tertiary amines, as wel, as cydic amines and substituted amines such aTnlrallv 
occurrrng and synthesized substituted amine, Outer pharmaceutical* acceptable organic non- 
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toxtc base, from winch salts can be formed include ion exchange resins such as, for example 

ZhT T Tf 6 ' Ch0Hne ' N ' N '" W^nediarrine, diethylamin *l ' ' 
dtethy,amm<*thanol, 2-<UmeU 1 yla I »inoe«h im ol, ethanolamine, ethylenediLtine, N- 
ethyhnorphohne, N-e.hyl P ipendi„e, glucamine, ghrcosamme, histidine, hydrabamine 
tsopropylamme, lysine, methy lgl ucamine, morphotine, piperazine, piperidine, po^nne resins 

szr tri ~ K - — «p~ p a„r ne resms - 

When the compound of rhe present invention is basic , ite corresponding salt can 

phosphonc, succmtc, sulfuric tartaric, p-,oluenesulfonic acid and the like P antothen -. 

represented by "* T^"™ ° f "» ««— 1 to ™*>" -mpriae a compound 

represented by Formula I or H (or pharmaceuticaUy acceptable salts thereof) as an active 
mgredtent, a pharmaceutical acceptable carrier, and optionally one or more addMonT 

T* " adiUVan ' S - SUCh addia ° nal ca " ^ -arnpie i, 

( NSA1D ) ,x) selective serotonin reuptake inhibitors C'SSRT) and/or selective seroLin and 
norepmephnne reuptake inhibitors ("SSNRT), x) tricyclic antidepressant drugs xT 
noreptnephnne modtdatora, xii) lithium, xiii) valproate, and xiv) neurontin (gahapentin) The 
ns,™ compos.tions tnc.ude compositions suitable for oral, rectal, topical, nd pineal 

surtable route m any grven case will depend on the particular host, and nature and severity of the 
ZlsT for whtch the active ingredient is being administered. The pharmace^ ^ 
cations may be conveniently presented in unit dosage form and prepared by any of the 
methods well known in the art of pharmacy. 

viscera, inflarn^r* h C ° mP ° UndS COn *° siti ° ns ** *e treatment of chronic, 

vaceral, nflammatoty and neuropathic pain syndromes. They are useful for the treatment of 
patn resulting tan traumatic nerve injury, nerve compression or entrapment, pL^Tc 
neurafca, tngeminal neuralgia, and diabetic neuropathy. The present compel a T 
composttions are also useful for the treatment of chronic lower back pain, phantom limb pain 
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chrome pel™ pam, neuroma pain, complex regional pain syndrome, chronic arthritic pain and 
related neuralgras, and pain associated with cancer, chemotherapy, HTV and HIV tretmeTt 

Colo 77^ C ° mPOUndS ° f inVenti ° n may *° be ^ - loTan™ " 
Compounds of th:s mvention are useful for the treatment of irritable bowel syndTme ablated 
1 disorders, as well as Crohns disease. synorome and related 

The instant compounds have clinical uses for the treatment nf 

y*™ caused by stroke or neural .rauma and fortoating L tipi e scler^ tlXen. 
compounds are useful for .he treats, of ttchy-a^hyd^aa. AddLnaUy. Z in^T^ 

" USefll ' fM ° f ™*ia«o disorders, ilK .ud£ ^ disorde, 

such as de^sstonor more particularly depressive disorders, for example, siJeeZdicT^' 

phob,*, forexample specific antaal phobias, socia. phobias, obsessive^^ 
™:rr din8P ° S '-— "^"--es^sdisol^d^sed 

(Uivra^ ... . selnmDltOTS ( MAC*), reversible inhibitors of monoamine oxidase 
OUMAs), serotomn and noradrenahne reuptake inhibitors (SNRIs), a-adrenorecep,or 

etri 5' Sftrr" b — ^nists or an^L, 

X^^ntT, T?' neUI °' dnin - 1 reCeP,OT —««*» — g 

factor (CRF) antagomsts, and pharmaceufically acceptable salts thereof 
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adnumstrafcon of from about O.Olmg to about 75mg of the compound per kilogram of bodv 
we lg ht per day, or alternatively about 0.5m g to about 3.5g per pint per ^ opl oain 
may be effectively treated by the administration of from about O.Olmg to ^ XvZTZ 

to nrodn,, • T 7°^ ^ *** be combined the carrier materials 

to produce a smgle dosage form will vary depending upon the host treated and th" " 

mode of adnumstrauon. For example, a formulation intended for the oral admird tLTont 

S=S~£5===c=r 

pi—utrcal earner according ,„ eonventaa. pharmaceutical eompounding^^I The 

admm.ttauon, e . g „ oral or parentera] fmcl intrav pharmaceutical 
composes of the present invention can be ^ s l~^ 

dTe^ctive^^reient^Rmner^h 030 ^ 6 ' 5 °^ ^"lets each containing a predetermined amount of 
ctrverngmdrent. Further, the composmons can be presented as a powder as granules a, a 
oluuon, as a suspension in an aqueous h q „ id , as a non-aqueoua liquid as an oil"' 
mul SI on or as a water-in-or! liquid emulsion. In addition to the common dosage 121 out 
above, .he compounds presented by Formula I or H, or phannaceuticalry *4 taoHT 
thereof may also be administered by controlled re,ease means and/or delivery £*» The 

include a step of bnngmg mto asaocattor, the active ingredient with the carrier that constitute* 
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ZTZ a "7T 8 T*" ingrediem ^ UqUid ^ OT -lid carriers OT 

bom. ^p ro duc.ca I ,,he„beco n ve„ien t ly s hape d i„ to ,hede Sire dprase„ t a ti o„ 

therapeutically active compounds. 

ohve on, and water. Examp.es of gaseous caniere inc|ude ^ ^ 01, • 
ZT"?" f ^ granUU,in8 ^ «««^. aTtante-ating 

b~ e r e to n orai soM preparations su * as ^ « - " 

Because of tar ease of adnumstratton, tablets and capsules are the orefem-n h 

whereby solid pharmaceutica, carriers are employe* OptionaUy b^mfy 

standard aqueous or nonaqueous techniques * may be coated by 

A tablet containing the composition of this invention may be prepared bv 
compress™ or molding, optionally with one or more accessory ingredients ZZL* 

mert dtluen, surface active or dispersing agent. Moided tablets may ^1^^ 

tatf l0 °7- ^ 3 ° 0mS ' ^ « ^ " «» £2. « I" 8 ' 
tablets, cachets, or capsutes, once, twice, or three times daily. 

Phaimaeeutical compositions of the present invention suitable for parenteral 

===== s~ - 
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dispersions, b * cases me ZTTTTT PreParat "° n ° f "* SteriIe "* ctable or 
for easy synngab, ^^7?? *" - d ™ be 

for topical use ^"^7"^ °f - ta ta « fo ™ —* 

the «C£ ZTtoaToZtrr lotion • md « ~ 

formulanonsmay bepZared ' USe in ^ees. These 

' y oe prepared, utilizing a compound represented by Formula I or TT ™- 



administration SZT™^ " f T*" °" 3 *"» — * *< «« 
dosesuppo.^. «JL™£ IZ:^^^ 1 ™^ 
the art. The suppositories may be conveniently format, f,? """"^ ta 

Composmons containing a compound described by Formula I or n or T 
-dtob,oc k s^~^ 
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channels mcluding, for example, acute pain, chronic pain, visceral pain, inflammatory pain, and 
neuropathic pam by administering an effective amount of a compound of this invention The 
term "mammals" includes humans, as well as other animals, such as, for example, dogs cats 
horses, pigs, and cattle. Accordingly, it is understood that the treatment of mammals other than 
humans refers to the treatment of clinical afflictions in non-human mammals that correlate to the 
above recited afflictions. 

Further, as described above, the instant compounds can be utilized in combination 
with one or more therapeutically active compounds. In particular, the inventive compounds can 
be advantageouslyused in combination with i) opiate agonists or antagonists, ii) calcium channel 
antagonists, m) 5HT receptor agonists or antagonists iv) sodium channel antagonists v) N- 
methyl-D-aspartate (NMDA) receptor agonists or antagonists, vi) COX-2 selective inhibitors 
vn ) neurokinin receptor 1 (NK1) antagonists, viii) non-steroidal anti-inflammatory drugs ' 
(NSAID), ix) selective serotonin reuptake inhibitors (SSRI) and/or selective serotonin and 
norepinephrine reuptake inhibitors (SSNRI), x) tricyclic antidepressant drugs, xi) norepinephrine 
modulators, xu) lithium, xiii) valproate, and xiv) neurontin (gabapentin). 

The abbreviations used herein have the following tabulated meanings 
Abbreviations not tabulated below have their meanings as commonly used unless specifically 
stated otherwise. J 




AEBN 



BENAP 



Bn 



CAMP 



DAST 



DMF 



EDCI 



2,2 , -azobis(isobutyronitrile) 



l,r-bi-2-naphthol 



Benzyl 



cyclic adenosine-3',5'-monophosphate 



(diethylamino)sulfur trifluoride 




N,N-dimethylformamide 



1,1' -bis(diphenylphosphino)-ferrocene 



l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride 
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glutathion e transferase 

HMDS Hexam ethvldisilaziHft 



PMB 



SPA 



TBAP 



J lithium diisopropylamide 

m-CPBA metachlo roperbenzoic acid 



MMPP mo noperoxvphthalic acid 

-M™ monoperoxyphthalic acid, magnesium salt 6H9O 

— . methanesulfonyl = mesyl = SQ2Me 

J methanesulfonate = mesylate 

NBS N-bromo succinimidft ~ 



NSASD 1 non-steroidal a nti-inflammatory dm a 

°- To1 ortho-tolvl 



2KHS05.KHS04»K9SO4 



ridinium chlorochromate 



BisCdibenzvlideneacetone^palladiumffl) 



pyridinium dichrom flt* 

-ffl^ Phosphodiesterase 



-Ih I Phenyl 

_J Benzenedivl 



para-methoxybenzvl 



Rac - Racemic 



idinediyl 
room temperature 



aminosulfonyl or sulfonamide or SO2N H7, 
2-(rrimethvlsilyl)ethoxvmp.thr.Y V 



scintillation proximity assay 



tetra-n-butvlammonium flnnrirte 



-2^ 2-or3-thienvl 

JIEA trifluoroacetic acid 

trifluoroacetic acid anhydride. 

-12^ Tetrahydrofuran 



-3^ Thiophenedivl 

TLc * thin layer chromatograp hy 



™ S -CN I trimethylsilyl cyanid e. 
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TMSI 



Tz 



XANTPHOS 



C3H5 



trimethvlsilyl iodide 



1H (or 2H)-tetrazol-5-vl 



4,5-Bis-diphenylphosphany]-9,9-dimethyl-9H- 
xanthene 



Allyl 



ALKYT. OR QUP AftttRPy iATTONS 



! Me 


Methyl 


Et 


ethyl 


n-Pr .= 


normal propyl 


i-Pr 


isopropyl 


n-Bu = 


normal butvl 


i-Bu = 


isobutyl 


s-Bu = 


secondary butyl 


t-Bu = 


tertiary butvl 


c-Pr = 


cyclopropvl 


L_ c-Bu 


cyclobutvl 


c-Pen = 


cyclopentvl 


c-Hex = ~~ F 


cyclohexvl 



Compound Evaluation (in vitro assay)- 

nergy transfer (FRET) dye pairs that use two components, a donor coumarin OXWDMPm ™* 
an acceptor oxanol (Di«3R a r rz\\ rw„ 1 • ™ nn l*-<~2t-»MPE) and 

(DiSBAC 2 (3)). Oxanol is a hpophilic anion and distributes across the 
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membrane accordmg to membrane potential, hi the presence of a sodium channel agonist butin 
the absence of sodtum, the inside of the ceU is neg ative with respect to the outside, oxano . is 
accumuhtted a. the outer .eafle, of the membrane and excitation ofcoumarin wiU causef^ET to 
occur. Addthon of sodium wiU cause membrane depo.ariza.ion .ending to redistribution^ 
oxano. o the .ns.de of the cell, and, as a consequence, to a decrease in FRET. Tm.s, the ratio 

^1, "T^ ^ membnme * «- Pr-nce o a so^um 

^nnel mh,b.tor, ceH deputation win no. occur, and therefore me distribution of oxano, »d 
FRET will remain unchanged. 

CeUs stably transfected with the PN1 sodium channel (HEK-PN1) were grown in 
pt.y ystne coated 96-we.lp^ a, a density of ca. .40,000 ceUs/we... THtJiSSZZ 
and *e ceUs were washed with PBS buffer, and incubated with lOOpL of lOpM CC 2 -D ST 
0.02% P Iuron.cac.d. After incubation at 25«C for 45min, media was removed and ceUs were 
washed 2x wtth buffer. CeUs were incubated with lOOpX of KSBAQ0) in TMA buffer 
eontammg ; 20pW [ veratridine, 20„M brevetoxin-3, and test samp.e. After incubation at 25«C for 
H ^ ^2 ' ^ ^ ^ in WR inS ~ - fluorescence emission of 

adl?,r n'T 6 ^ 3 '"^ 108 - At,hiS ^ •OOirLofsa.inebuffe "as 
added ,o the wells ,o determine the extent of sodium-dependent eel, depolarization, and the 
fluorescence emtssion of both dyes recorded for an additional 20s. The ratio CC- 
DMPKDiSBAQO), before addition of saline buffer equals 1. m the absence of inhibitors me 
ratio after addthon of saline buffer is > 1.5. When the sodium channel has been complete'; 
mhtbtted by etther a known standard or test compound, mis ratio remains a. 1. It is possible 
therefore to htiare the activiry of a sodium channe, inhibitor by monitoring the conltr fil 
dependent change in fluorescence ratio. ^ntranon 

Electrophysiological Assays (In Vitro assays): 

Cell preparation: A HEK-293 cell line stably expressing the PN1 sodium channel 
sutoype = bU*ed in-h„use. The cells were cultured in MEM growth media (G iZ fwT 
^Trn S ^ Pen/StteP ^ ImL h ^«vated fetal bovine serum a. 7°C 

snhtvn Wh ° le ? n reCOrdi " 8S: HEK " 293 06115 StaWy Mpressin S *« PN1 s °dimn channel 

ub^ were exarmned by who.e ceU vo.tage clamp (Kami,, et. a,. Pfluegers Archives 391 :8 T 

t * " amPUfier "* M " S ° ftWare (HEKA Ebonics, Lamprech. 

Germany). Expenments were performed at room temperature. Electrodes were fire-polish d to 
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^stances of 2-4 M£l. Voltage errors were miiiimized by series resistance compensation, and 
the capaatance artifact was canceled using the EPC-9's built-in circuitry. Data were acquired at 
50 kHz and filtered at 7-10 kHz. The bath solution consisted of 40 mM NaCl, 120 mMNMDG 
CI, 1 rnM KC1, 2.7 mM CaCl 2 , 0.5 mM MgCl 2 , 10 mM NMDG HEPES, pH 7.4, and the internal 

C ° ntained 1 10 ^ Cs - methanes ^nate, 5 mM NaCl, 20mM CsCl, lOmM CsF 
10 mM BAPTA (tetra Cs salt), 10 mM Cs HEPES, pH 7.4. 

The following protocols were used to estimate the steady-state affinity of 
compounds for the resting and inactivated state of the channel (K, and K, respectively): 

1) 8ms test-pulses to depolarizing voltages from -60mV to +50mV from a 
holding potential of -90mV were used to construct current-voltage relationships (IV-curves) A 
voltage near the peak of the IV-curve (typically -1 0 or 0 mV) was used as the test-pulse voltage 
throughout the remainder of the experiment. 

2) Steady-state inactivation (availability) curves were constructed by measuring 
the current activated during an 8ms test-pulse following 10s conditioning pulses to potentials 

15 ranging from -120mV to -lOmV. 

3) Compounds were applied at a holding potential at which 20-50% of the 
fsZTv^" SOdiUm Channel bl ° Ckage ^ m0nit ° red dUting 8mS t6St P" lses at 

4) After the compounds equilibrated, the voltage-dependence of steady-state 
inactivation in the presence of compound was determined according to protocol 2) above 
Compounds that block the resting state of the channel decrease the current elicited during test- 
pul,es from all holding potentials, whereas compounds that primarily block the inactivated state 
shift the mid-point of the steady-state inactivation curve. The maximum current at negative 
holding ; potentials (W) and the difference in the mid-points of the steady-state inactivation 
curves (OV) in control and in the presence of a compound were used to calculate K r and Ki using 
the following equations: B 
K _ [Drug]*I MwcDrue 

^Max.Comrol ~ 1 Max.Drug 
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AV 

' -1 



Rat Formalin Paw test (in vivo assay): 

t „ k m COmpOUnds werc assrased f<» their ability to inhibit the behavioral response 
evokedbya50 MLi „ j ecn„r, 0 f f or m ali„(5%). A metal band was affixed to theTeft hhid nl , 
male Spragne-Dawley rats (Charles River Win lv> x paW 0f 

• . ver,200_25 °8) and each rat was conditioned to the band 

or 60mm wnhm a p.asuc cylinder (15cm diameter). Rata were dose4 with either v hWe or a 
M componnd ether befo re (,oca» or after (systemic) formalin challenge. For" 

SS^jrrT ^ ^ ta 3 1 :4:5 <* « «^ saline 

£ZT P SUbcU,a "»-'y *»° the dorsal surface of the left hind paw 5mi„ prior to 

fonnahn. For system* administration, componnds were prepared in either a BPEcTT, 

Research sL m "< aw 8 m aUtomated "^'"P""" analyzer (UCSD Anesthesiology 
Research San D,ego, CA). Statical significance was determined by comparing the total 
fhnches detect in the early (CMOmin) and lata („. 60 min) phase wL an l^Z ,C 

In vivo assay using Rat CFA model: 

Unilateral inflammation was induced with * n o ™i • • ,■• 

0.5mg Mycobacterium/mL) in the phrntar surface of fine left hindpaw. This dose of CfI 

SNL: Mechanical Allodynia (in vivo assay): 

Tactile allodynia was assessed with calibrated von Frey filaments using an un 
down paradigm before and two weeks follnwin«,„o • ■ * '""cms using an up- 

-----andrw^^^ 
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determine the 50% response threshold the von p m «i 

0.4 to 28.8g) were applied to the 2 1 ! ^ ' ° f int6nsities fr ™ 
occurred. Mowing "onsl " ** ^ " ^ * 

was no response to IZTs Zn Z " ™ ^ **« 

' initial threshold cro ~ Afterthe 

P-estsessio, Mechanic ^^ZZ^^^T^^^ 
test compound. 1 and 2 hr post oral administration of the 

advantageous that the co^l^l^Z T " 7° deSClibed *"* 11 is 
v*~ assay, It is more ad«t s 2 h ' bl0Cldng **** ° f * - 

sodi„ m channe, Mocking activity „f^ 2TL """^ * e ™-ds dispiay 

™-^-„rcrr^r^Tjcr~^~ 

that is, at a temperature in the range of 18 25-C T r °° m " ambie '" < m ^"^ 
~~u«^^^^ 

temperature of ud to 60°r Th«^ * H ^ O JOmm - H S) with a bath 

indicates decomposition ThemekWrvW • § P ^ uncorrect ed and 

spectrometer rrZanaiy^' 2 ^T y " ~ 6 ^ 

NMR data is in the form ofd" v ,L ST " i,,US,Iati0n ^ ^ 
tniHion (pptn, reiative to ^L^^^ZT ~ h f 
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are used: v (volume), w (weigh,), b.p. (boi Hng po int) , (meIti 

Methods of Synthesis 

■ ~-s=r:r=r.t== 

t*+ • v n ° Vel C ° mpOUnds of the P rese "t invention can be readily synthesized usi™ 
techniques known to those skills i« ^ ^ , y ^ ninesize a using 

O^JcCl— Mai 4* Ed T h w' . " 86 deSCdbed ' 6Xample ' in 

— s s^neinistty, March, 4 Ed., John Wiley and Sons, New York NY 199? • a*Z a 

Organic Chemistry, Carey and Sundberg Vol A and B 3* FH pi » ' 
NY loon- iw *• A and B, 3 Ed., Plenum Press, Inc., New York 

NY, 1990, Protectee groups in Oj^amg^ifliesis, Green and Wuts 2 nd Ed ™ 7' 
Sons, New York NY WWwI r~ W UtS ' 2 Ed - John Wiley and 

tec, New WwCSTf tt M ^femtiaM, Larocl, VCH Publishers, 
Ed., Pergamo„\™ Z'^^^^ " d P °«. 2" 

pxoduc. r^ni^rir^-Tr chromatography ™- The 

promo aud earbon-,3 uuelear Z^Z^Z"^ " T "* * 

Poetry (LC-MS). Methods of proecimg group n.anipuMon, purified « 
■deacon an^fieabou are we„ m one sldlled in Jart of c^" sis 
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R 7 R* 



SCHEME 1 



R° 



Br 




1 



+ 

B(OH) 2 




R^R 2 



Pd(OAc) 2 ,Ph 3 P 



R 



(X=Br,I,orOTf) 
2 



n-Propanol 

Br 



R J 




R^ 



R' 




>1 



B(OH) 2 



Pd(OAc) 2 ,Ph 3 P 
n-Propanol 



5 R 4 



10 




R 5 R 4 



Se0 2 , Pyridine 

— 

(WhenR^CHs 

R 2 andR 2 &R 3 =H) R 7 




COOH 




N CONR a R b 



R^R" 



An appropriate bromo, iodo pyridine or trifluoromethanesulfonate (triflate) 
derivative 2 can be subjected to the Pd-catalyzed cross-coupling reaction (Suzuki reaction) [Huff 
6t aL ' ^ 75: 53 - 60 ( 199 7); Goodson, R E. et al. Org. Synth. 75: 61-68 (1997)] in the' 

presence of an appropriately substituted aryl boronic acid 1 to provide 3, which can be then 
subjected to a second cycle of Suzuki reaction with 4 to give the biaryl pyridine compound 5 
When R in 5 is a methyl group (R 5 = Me), it can be oxidized under a mild condition as 
described to provide the carboxylic acid 6. The acid 6 can be converted to the amide 7 using an 
approprite amine R -NH-R 10 in the presence of an approprite carboxylic acid activating agent, 
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such a S carb _ ± _ dazole (CDI) A]tematively> fln ^ ^ ^ 

the commerce available 6-bromo-picolinic acid can be used in the synthesis of 7 The 
reg_rs of 7 also can be prepared by employing a similar sequence of reactions uL 
appropnately substituted pyridine derivatives. S 

SCHEME 2 



R? R 4 



^R 8 R 8 R 4 



8 




R 8 

Pd(OAc)2,P h 3 P J. 
n-Propanol 



Br Pd(dppf) 2 ,Ph 3 P 



o— 



Pd(dppt) 2 ,Ph 3 P 
DMSO, KOAc 



(X=Br,I,orOTf) 



DMSO, KOAc 




, ,. ,„ *° m alten,ati ™ a PP"»ch <° preparing pyridine compounds of the instant 

~„, the boronic acid 4 can he coupied with an appropriate* subset*, hromo iodo or 

colooT T ° Pr ° Vide biPhe " yl WWCh Cm *» ^ -vertex th 
correspo drug borontc acid ester 10 under the conditions described. The appropriate ary. or 



imm .H- , , k ^° mP ° UndS ° f th£ inStant inventi °" represented by the formula shown 
immediately below can be prepared as outlined in SCHEME 3. 
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R 8 



R 6 



11 

(X=Br,I,0-S0 2 CF3) 



OH 12 O 



SCHEME 3 



Pd(OAc)2,Ph3p 



r3 n-Propanol V> 

R 6 





NH 




N oi Se °2> Pyridine 
■ 

I (WhenRU C H 3 ) 



15(R 2 = H) 




R* R 4 
CDI, DMF A^' 

R a -NH-R b R7 _ i ^Y^ f SrV CONRaRb 

R 6 R V 
17 



An appropriate aryl halide or aryl triflate 1 1 ran hp rao t j ... 

M.etal ^^r^c/icCW 26: 1147-1158 (1989)] and Fischer G W r, *, Z f*> h 
Chem. 26- 1147-1 1 nasovi ™. ^ , ^iscner, <j. w. [/. Heterocyclic 

em. zo. 1 14 / 1 158 (1989)]. The methyl pyrimidine 15 (when R 1 - CVf \~ u • / J 
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10 



15 



577(1980)] to provide the corresponding carboxylic acid 16, which could then be elabon* H ■ t 
appropnate analogs including the amide 17 as described. elaborated mto 

Alternatively, the biaryl pyrimidine 15 can also be synthesized bv Pd r*t»i a 
cross-coupling reaction between the pyrimidine 2rt an A * resized by Pd-catalyzed 

outlined in SCHEME 4 A varietv of aTh * "* ***** add 21 as 

be prepared conveZfly iZT T' * " COmm ™^ liable or these can 

r pcucu conveniently trom the corresponding aryl bromide or inriidr hx, ~ . 
organolithium derivative [Baldwin J E etal Tstrh *f or iodide by converting it to an 
~ . . L in ' J - c - et «• Tetrahedron Lett. 39: 707-710 C1998YI r«- * 

Gngnard reagent followed by treatment with trialkylborate [Li J J et al 7 « I ™ 
4570-4578(1995) and Piettr^ s p m , K y iDOrai e Lla, J. J. et al, 7. Aferf. Chem, 38: 
<Hiyyo, ana ttettre, S. R. et al. J. Med Chem. 40: 4208-4221 fl997U a„ i u 



SCHEME 4 





NH 

R1 ViH 2 HC1 

-> 

KOtBu, THF 



Br 



R5 R 4 R8 

to -err 

R3 >^N Pd(OA0 2 ,Ph 3 P *" R 7jf <, V^^ N Y N V f 

20 R 2 n-Propanol '^^i lt * " 
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SCHEME 5 



+ X"^Sn n-Prop^nol R^-jT f^C 



21 

(X=Br,Ior-OTf) 



R5 R 

r 8 rp ^ 

23 NH 



PCH, 



24 OCfr 




l-HCl(g),EtOH 

CN 

2. NH4HCO3 



„ ntD w rt „ _ r , r ^ ^N^R 1 Se0 2 , Pyridine 

KOtBu, MeOH R 7 -{- | II I — *- 

^- X r6 25 N ^ (WhenRl=CH 3 ) 




N^COOH 



R 6 26 



CDI.DMF 



R a -NH-R b R7_1 ^,\l 




N <^CONR a R b 



R e 27 



The nitrile 22 can be prepared from the Pd-catalyzed coupling of the boronic arid 
4 w,h an appropriately substituted benzonitrile 21. The nitrile 22 can then be ™Zo le 
— 23 as oulmed. The reaction of 23 with with an appropriate Neeto aldehyde dtriv^e 
(24) can provxde the desired pyridine 25. The R 1 substituent can be then manipulated to 
prov ld e the carboxylic acid 26 and the corrsponding amides 27, as outlined 
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SCHEME 6 




Alternatively, according to SCHEME 6, a reaction of 0-diketones such as 28 with 
the amidine 23 may also provide a 4,6-disubstituted pyrimidine 29 (where R 2 =H). Similarly, the 
pyrimidone 31 can be synthesized by reacting an appropriate P-ketoester 30 with 23 (SCHEME 
6). The pyrimidone 31 can be easily transformed into the corresponding chloro derivative 32. 
Replacement of the chloro group in 32 with appropriate nucleophillic reagents may provide a 
series analogs of 32 that can be further elaborated. 

' - Pyrazine compounds of the present invention represented by the formula shown 
immediately below can be prepared as shown in SCHEME 7. 
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SCHEME 7 



R 7 -fT if^l WAc) 2 ,Ph3P Hf. jpq 



4 



n-Propanol R 7 -7— i 



0 Se0 2 , Pyridine 
' ^_ 



R 6 34 



Methanol, NaOH R 6 37 N^OH R6 38 




N^Rl 



1. Chromatograhic separation 

2. POCl 3 

3. H 2 , Pd-C 



r 7 4- 



R 5 R 4 

11 1 R v fm 

— 11 11 1 , f* J ^V^Ns#* sA X v ^N <:; .R 1 AV\A/N. 



- N <v COOH 



CDI.DMP 
R a -NH-R b 




N^CONR a R b 




rb f,x Ai 

"^RS 41 N^CONR a R b 



The dicarbonyl compound 35, obtained from 34, can be reacted in an appropriate 
solvent with an appropriate a-aminocarboxamide 36 to provide a regioisomeric mixture of 
pyrazinones 37 and 38, which can be separated and transformed into appropriate pyrazine 
derivatives such as 39, 40 and 41. 



Pyrazine compounds of the instant invention represented by the formula shown 
immediately below can also be prepared as outlined in SCHEME 8. 
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SCHEME 8 





R 6 44 



1. Condensation 

2. Separation 




R 6 45 



f h °' S( ;* methan0 '' « "W* i-propanol, n -bu,a„ oI , 
dimethyl formamtde (DMF), dimethylsulfoxide (DMSO) and water Mi„ f „„, ° UIano1 * 
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metal alkoxides such as sodium methoxide, sodium ethoxide, potassium tert-butoxide and 
magaesium ethoxide; alkali metal alkyls such as methyllithium, n-butylhthium, sec-butyllithium 
Nbultymmtum, phenyllithium, alkyl magnaesium halides, otganic bases such as trimethylamine ' 
tnethylamtne, triisopropylamine. N^-diiaopropylethylamine, piperidine, N-methyl piperidine ' 
morpholme, N-methyi motpholine, pyridine, colliding hmdines, and 4-dimethyIaminopyridine- 
and bicychc amines such as DBU and DABCO. 

As described previously, in preparing the compositions for oral dosage form, any 
of the usual pharmaceutical media can be employed. For example, in the case of oral liquid 
preparations such as suspensions, elixirs and solutions, water, glycols, oils, alcohols, flavoring 
agents, preservatives, coloring agents and the like may be used; or in the case of oral solid 
preparations such as powders, capsules and tablets, carriers such as starches, sugars 
micro^rystalline cellulose, diluents, granulating agents, lubricants, binders, disintegrating agents 
and the like may be included. Because of their ease of administration, tablets and capsules 
represent the most advantageous oral dosage unit form in which solid pharmaceutical carriers are 
employed. If desired, tablets may be coated by standard aqueous or nonaqueous techniques m 
addition to the common dosage forms set out above, controlled release means and/or delivery 
devices may also be used in administering the instant compounds and compositions 

It is understood that the functional groups present in compounds described in the 
above schemes can be further manipulated, when appropriate, using the standard functional 
group transformation techniques available to those skilled in the art, to provide desired - 
compounds described in this invention. 

Other variations or modifications, which will be obvious to those skilled in the 
art, are within the scope and teachings of this invention. This invention is not to be limited 
except as set forth in the following claims. 



EXAMPLE 1 
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Ste P 1: Preparation of: 




MS: m/e 249/251 (M+l) + 
Ste P 2: Preparation of 



20 




co mblnKl organic phase W as ^ over 50dium su , fete rad concentrate - 
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10 



15 



material, thus obtained, was purified by column chromatography on silica gel usin e 8% FtOA • 
hexanes to provide the desired biphenyl pyridineMS: m/e 280^ " 



EXAMPLE 2 



20 



25 




To a solution of the methyl pyridyl compound (0.475g) from Sten ? nfp 
and anhydrous pyridine (7 mL) was added selenium dioxide (1 Z, Z ^ ? 
ovpmi^t / in v « , , 111 uloxia © U -^Ug). The mixture was refluxed 

overmgh, (-18 hours). An additional S equivalents of selenium dioxide were added and*, 
reaction was allowed to proceed for another 30 h„„„ Th .■ 
temperature and mteted Lugh a pal^r^^l " * r °° m 

-"waspudnedh^ 

contatning 0.1% TFA to ptovide the desire, carooxy.ic acicLMS n^Za^ 

EXAMPLE 3 




was then added and Steing continued overnight T^ZZ^TZT T" ( ° ° 898) 
quenched with water (- 4raL) and extracted wim 2 x Zl " oTe^Ic t !" k 
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MS (ESI): m/e 309 (M+l) + 

Other Examples of the instant compounds are given below in TABLE 1. 



TABLE 1 




EXAMPLE* 


R 6 


R 2 


R 1 


MS 

(m/e, 

M+l) 


4 


OCF 3 


5-CO2CH3 


H 


374 


5 


OCF3 


5-CH3 


H 


330 


6 


OCF3 


5-COOH 


H 


360 


7 


OCF3 


4-CH3 


H 


330 ; 


8 


OCF3 


4-COOH 


H 


360 


9 


OCF3 


4-CONH2 


H 


359 


10 


OCF3 


3-CO2CH3 


H 


374 


11 


OCF3 


3-CH3 


H 


330 


12 


OCF3 


3-COOH 


H 


360 


13 


OCF3 


3-CONH 2 


H 


359 


14 


OCF3 


H 


CH 3 


330 


15 


OCF3 


H 


COOH 


360 


16 


OCF3 


4-CH 3 


CONH 2 


359 


17 


CF 3 


4-COOH 


H 


314 


18 


CF 3 


3-CH3 


H 


344 


19 


CF 3 


H 


H 


314 


20 1 


CF 3 


H 


CH 3 i 


314 


21 


CF 3 


H 


COOH 


344 


22 


CF 3 


H 


CONH 2 


343 


23 


CI 


4-CH3 


H 


280 
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EXAMPLE # 


R 6 


R 2 




R 1 


A/TO 

(m/e, 
M+l) 


24 


CI 


4-COOH 


H 


310 


25 


CI 


3-CH 3 


H 


280 


26 


OCF 3 f 


3-OCHj__ 




H 


280 



Further Examples of this invention are shown in TABLE 2 and TABLE 



TABLE 2 




EXAMPLE* 


R 6 


R 1 


MS (m/e, M+l) 


27 


OCF3 


Me 


330 


28 


OCF3 


COOH 


360 


29 


OCF3 


CONH 2 


359 


30 


CF 3 


Me 


314 


31 


CF 3 


COOH 


344 


32 


CF 3 


CONH2 


343 
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TABLE 3 




EXAMPLE # 


R« 


R 1 


MS (m/e, M+1) 


33 __j 


OCF 3 | 


C0 2 Me 


374 


34 


OCF 3 


COOH 


360 


35 


OCF 3 


CONH2 


359 



EXAMPLE 36 




Step 1; 2-(Trifluoromft thoxvfohftiivlboronic and- 

n-Butyl]ithium (5.9 ml, 9.5 mmol) was added to a solution of l-bromo-2- 
(tnfluoromethoxy)benzeiie (2 g, 8.2 mmol) in tetrahydrofuran (28 ml) at -78°C and stirred for 45 
minutes. Triisopropyl borate (2.58 ml, 11.1 mmol) was added dropwise to the reaction mixture 
and the solution was slowly brought to room temperature over 16 hours. The reaction mixture 
was quenched with water, made basic with 2N NaOH and extracted with ethyl acetate The 
aqueous solution was acidified with 2N HC1, stirred for 1 hour at room temperature and 
extracted into ethyl acetate. The organic layer was washed with water, brine solution and dried 
over sodmm sulfate. It was filtered and concentrated to give the product (1.10 g, 65%) as a white 
solid. 

'HNMR (CDC1 3 )(5, ppm): 7.96 (dd, J= 7.2, 1.6 Hz, 1 H), 7.53 (ddd, 7= 9.1, 7.3, 1.8 Hz 1 H) 
7.38 (td, J = 7.3, 0.7 Hz, 1 H), 7.28 (d, J = 8.2 Hz, 1 H), 5.25 (br s, 2H). MS (M+H): 206.9. 
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Ste P 2: Preparation of 



10 



15 



20 




25 



30 



To a solution of 2-bromo(trifluoromethoxv)benzene (A no* on 

(50mg) was finally added ^cZ Ztt '*™ d S °' Uti ° n ' palladium 

„„„ » ' y ' 6 reaCt, °" mix,ure was ref l«"<i for 4 hours Th. 

«*« was allowed to cool ,o room temperatme Md partWoned ^ 

The aqueous layer was extracted a second time with EtOAc Thecoma ACa ™ Wa,er - 
drier, over sodium suifate and concentrated * ^J^l^^^ZZ T 
purified by column chromatography on silica gel using 5% MA^T' ' ™ 

ketone as an oil. Yield: 4 45g (79%) " '° yieW lhe P" 1 * 

MS (ESI): m/e 281 (M+l) + 



Ste P 3: Preparation of 




mL) and N N "''^ " ^ *" ^ ™ S dissol - d ™ DMF (5 

mL) andN, N-dtmethyl fonnam.de dimethyl acetal (0.59mL, 4.2 mmol) was addTrh, 

zi a ;r uxed r ** th ° — - 

spension (prepared by refluxmg a mixture of acetamidine hydrochloride fO 1 77„ i * 
mmol) and potassium t-butoxid^ rn i c ,s • "yorocnionde (0.177g, 1.5 

P urn butox lde (0.168g, 1.5 mmol) m THF (5mL) for 1 hour). The orange 
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suspension was then refluxed overnight. After cooling to room temperature, the reaction mixture 
was diluted in water, and extracted with EtOAc (3 times). The combined organic layer was 
washed with brine, and dried over anhydrous sodium sulfate. After concentration, the crude 
product was purified by column chromatograghy on silica gel using 33 % EtOAc in hexane to 
afford desired product as a foam (0.28g) in 81% yield 

'HNMR (CDC1 3 ) (5, ppm): 8.70 (d, J=5.0 Hz, 1H), 8.18 (m, 1H), 8.11 (q, J=4. 5 , 7.0 Hz, 1H) 
7.50 (m, 3H), 7.45 (t, J=3.0 Hz, 1H), 7.34 (t, J=9.0 Hz, 1H), 7.22 (t, J=9.0 Hz, 1H), 2.82 (s, 1H). 

MS (ESI): m/e 331.1 (M+l) + 

EXAMPLE 37 




^N^COOH 

To a solution of the pyrimidine (0.27 g, 0.818 mmol), from Step 3 of Example 36 
in dry pyridine (5 mL) was added SeO, (0.32g, 2.8 mmol), and the mixture was refluxed 
overnight. The reaction was cooled to room temperature and filtered through a pad of Celite The 
filtrate was concentrated in vacuo. The residue was stirred with 2N NaOH (3 mL) for 30 min and 
then acidified with 2N HC1. The resulting precipitate was extracted into EtOAc and the organic 
layer was washed with water, dried over sodium sulfate and concentrated in vacuo. The residue 
obtained was triturated with a 1:1 mixture of ether and hexane to give the desired carboxylic acid 
(0.23g, 78%) as a cream colored solid. 

7 H «rr T ( ^ 3) (6, ppm): 897 (d> j=5 - 5 Hz> iH> ' 828 (m * ih) - 818 <* ^ ™ hz, mo, 

7.86 (d, J=5.5 Hz, 1H), 7.52 (m, 1H), 7.46 (t, J=7.0 Hz, 1H), 7.38 (t, J=9.0 Hz, 1H), 7 26 (t 
J=9.0Hz, 1H). ' y ' 

MS(ESI): m/e 361.1 (M+l) + 
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EXAMPLE 38 




f T 



10 



15 



20 



for Ih. Sohd dry ammomum acetate (0.5g, 6.5 nunol) was then added and the mixture was stirred 

wi^o!X Ure ° Vemi f ' ^ reaCti ° n ^ qUenCh6d ^ Wat6r ( ~ 10 ^ - -tracted 
w,th EtOAc. The organic phase was washed with water, dried over sodium sulphate and 

concentrated in vacuo. The crude product obtained was purified on silica-gel by radial 

clTd l ZT y usins 75% EtOAc in hexane to yie,d ±e pure product (008 * ■ <**> - a — 

^T, ( 5^ 3> IT" 09 J=5 5 1H> ' 818 1H >' 8 ' 13 0". 7.88 (bs, IH), 
MS(ESI): m/e 360.1 (M+l) + . 

were n™, H ^ ^ "* ****** fa TABLE 4 ' These compounds 

were prepared employing the chemistry similar to that described in Examples 36-38. 

TABLE 4 



EXAMPLE 
# 



39 
40 



41 

42 



OCF 3 
OCF 3 



OCF 3 
OCF, 



R 7 



H_ 
H 



H_ 
H 




R 



H 



H_ 
H 



R 1 



H 



-SCH3 
SO2CH3 



MS (m/e, 
M+l) 



317 
395 



363 
395 
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EXAMPLE 
# 



105 



106 



107 
108 



109 



110 



111 



112 
113 



114 



115 



116 
117 
118 



19 
120 



121 



122 



123 



-CONH- 
tBu 
CI 



CI 
CI 



-S0 2 NH- 
tBu 



•S0 2 NH 2 



-SO2NH- 
tBu 



-S0 2 NH 2 
OtBu 



OtBu 



OtBu 



R 7 



H 
3-C1 



3-C1 
3-C1 



H 



H 



OCH2CF3 
OCH 2 CF 3 



OCH2CF3 



CHO 



H 



H 



H 
H 



H 



H 
H 
H 
H 



H 
H 



3-CF, 



R 1 



H 
H 



CONH2 
COOH 



H 
H 



CONH2 
COOCH3 



H 



COOH 



H 



COOH 



H 



CONH2 



H 
H 



CONH2 
CH 3 



H 



COOH 



H 
H 
H 
H 



H 
H 
H 
H 
H 



CONH2 
CH 3 
COOH 
CONH2 



CH 3 
COOH 
CONH2 
CONH2 
CONH2 



MS (m/e, 
M+l) 



375 



344 



343 
359 



412 



356 



411 



355 



319 



349 



348 
303 
333 
332 



345 
375 
374 
304 
344 
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EXAMPLE 
# 


R 6 


R 7 


R 2 


R 1 


MS (m/e, 
M+l) 


lol 


OCF 3 


H 


H 


-S0 2 NH 2 


396 


loz 


OCF3 


H 


H 


-S0 2 NHMe 


410 


loo 


OCF3 


H 


H 


-CH2OH 


347 


lo4 


OCF3 


H 


H 


-CH(Me)OH 


361 


1 «C c 

165 


OCF3 


H ! 


H 


-CH 2 NHCOCH 3 


388 


166 


OCF3 


H 


H 


-CH 2 OS0 2 NH? 


AO A 


167 


OCF3 


H 


H 


-NHCH3 


346 


168 


OCF3 


H 


H 


-NH-CH(CH 3 ) 2 


374 


169 


OCF3 


H 


H 




477 



Further Examples of this invention are described in TABLE 5. 

TABLE 5 

5 



EXAMPLE # 


A 


R 1 MSrm/p 


170 




CONH 2 


328 


171 




CONH 2 


332 


172 


<jL 


CONH 2 


343 



-58- 



WO 2004/084824 



PCT/US2004/008532 




-59- 



WO 2004/084824 



PCT/US2004/008532 



StejjA: Preparation of 2-methyl-4-(3-bromo-4-fluoro pheny])-pyrimidine 

To the solution of 3-bromo-4-fIuoroacetophenone (434mg, 2mmol) in DMF 
(5mL) was added N, N-dimethyl formamide dimethyl acetal (0.41mL, 3mmol). The resulting 
solution was stirred at room temperature overnight. After removal of the solvent and excess 
reagent, the residue was dissolved in anhydrous THF, and teated with aged acetamidine in THF 
suspension (a mixture of acetamidine hydrochloride (283mg, 3mmol) and potassium t-butoxide 
(336mg, 3mmol) in THF (lOmL), reflux 1 hour). The orange suspension was then refluxed 
overnight. After cooling to room temperature, the reaction mixture was diluted in water and 
extracted with EtOAc (3 times). The combined organic layer was washed with brine, and dried 
over anhydrous sodium sulfate. After concentration, the crude product was applied to column 
chromatographyon silica gel to afford the final product as a yellow solid, 400 mg, 75% yield The 
above product was used for the Suzuki coupling in the next step. 

SteEB: Coupling of 2-methyl-4-(3-bromo-4-fluorophenyl)-pyrimidine with 2- 
trifluoromethoxyphenyl boronic acid 

To the solution of 2-trifluoromethoxyphenyl boronic acid (216mg, 1.05mmol) and 
the bromophenyl compound (200mg, 11.6mmol) in n-propanol (5mL) was added palladium 
acetate (35mg, O.lSmmol), triphenyl phosphine (118mg, 0.45mmol), and aqueous sodium 
carbonate (2.0M, 0.45mL, O.Pmmol). The reaction mixture was stirred at 90°C for 16 hours 
After cooling to room temperature, the mixture was filtered through a Celite pad, and washed 
with ethyl acetate (3 times). The filtrate was concentrated. The resulting residue was dissolved in 
ethyl acetate and washed with saturated sodium carbonate aqueous solution and brine the 
organic layer was dried over anhydrous sodium sulfate. After concentration, the crude' product 
was applied to column chromatographyon silica gel to afford the final the titled compound as a 
white solid. H NMR (CDC1 3 ) (6, ppm): 8.70 (d, J=5.0 Hz, 1H), 8.18 (m, 1H), 8.11 (q J=4 5 
7.0 Hz, 1H), 7.50 (m, 3H), 7.45 (t, J=3.0 Hz, 1H), 7.34 (t, J=9.0 Hz, 1H), 7.22 (t, J=9.0 Hz 1H) 
2.82 (s, 1H). 

MS (ESI): m/e 349 (M+l) + 

EXAMPLE 180 




N^C0 2 Me 



60 
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To the solution of 2-methylpyrimidine(from Example 179) (70mg, 0 21mmon in 
pynd-ne (3m,) was added selenium dioxide (U7 mg , Mn-nol). The ^ 
was refluxed for 20 hours. After cooling ,„ room ,empera,ure, the so.ven. was removed ur2 
5 educed pressure. The residue was pardoned between ethyl acetate and 2N HC1. The aqueous 
hryer was exacted with ethy. acetate. The eombined orgauie iayer was washed with brine and 

°ZT V SOdiUm SUlfaK - ^ OTde 3Cid Was dissolTCd » -d treated with 
excess 2.0M mmethy lsi , yM azomethan« methanol so.ubon a. room temperature for 10 
mmu.es After concentration, «he Med compound was isolated via column chromatography „„ 
3 sihca gel, as a yellow solid. s y y 

'H NMR (CDCI3) (6, ppm): 8.97 (d, J=5.5 Hz, 1H), 8.28 (m, 1H), 8.18 (q, J=4 5 7 0 Hz 1H > 
MS (ESI): m/e 393 (M+l) 



EXAMPLE 181 




N^CONH 2 



The pyrimidine methyl ester (from Example 180) (120mg, 0.31mmol) in 
—urn-methyl (2.0M, 3ml.), was stirred at 70°C in a sealed tube. The reaction was stirred 

7 might - AftCr C ° 0lin8 ^ ""*» miXtUrC ~ — ed to 
give the titled compound as yellow foam 

•HNm , (CDCW ftppm): 8.89 (d, 1=5.5 Hz, 1H), 8.18 ( m , 1H ), 8.13 (m, 1H,), 7.88 (bs, 1H), 

MS (ESI): m/e 378 (M+l) + 

Further Examples of this invention are shown below in TABLE 6. 
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TABLE 6 
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EXAMPLE 217 




SteplA : Preparation of 4-chloro-6-methoxypyrimidine 



CI 



OMe 



chromatography on sdica ge, to afford the w compound as a white cryJL aoUd 
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10 



15 



20 



25 



30 



Sj£D_lB: Coupling of ^hloro-e-methoxypyrfmidine with 2-trifluoromethoxyphenylboronic 

A H, . I ° ^ SOlUti ° n ° f 2 ^ UTOne *>lph««yl boronic acid (1.74g, 9.1mmol) and the 
4-chloro-6 methox^yrirnidine (940mg, 6.5mmol) in n-propanol (15xnL) was added palladium 

™T! i 8 ' L3mm0l) ' trfphenyl Ph ° Sphine (lg ' 4mmol >' and a « ueous s °*™ carbonate 
(2.0M, 4mL, 7.8mmol). The reaction mixture was stirred at 90°C for 16 hours. After cooling to 
room temperature, the mixture was filtered through a Celite pad, and washed with ethyl acetate 
(3 tomes). The filtrate was concentrated. The resulting residue was dissolved in ethyl acetate and 
washed with saturated sodium carbonate aqueous solution and brine. The organic layer was dried 
over anhydrous sodium sulfate. After concentration, the crude product was applied to column 
chromatographyon silica gel to afford the titled compound as yellow oil 

(t, J=7.5 Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 6.83 (s, 1H), 4.02 (s, 1H) 
MS (ESI): m/e 255 (M+l) + 

Step 2 : Preparation of 




Sten H of * n ^ SOl n ti ° n ° f ^ 4 - (2 '* flu0r0meth ^^ (from 
Step B of Step 1) (45mg, O.lSmmol) in acetic acid (1.5mL) was added HBr (0 5mL) The 

resulung colorless solution was stirred at 80°C for 1 hour. After cooling to room temperature the 

sol vent was removed under reduced pressure, the residue was partitioned between ethyl acetate 

and saturated sodium bicarbonate aqueous solution. The aqueous layer was extracted with ethyl 

acetate. The combined organic layer was washed with brine, and dried over anhydrous sodium 

sulfate. The crude product was used immediately for the next step. The above pyrimidone was 

dissolved m POCl 3 (5mL). The reaction mixture was refluxed for 30 minutes. After removing the 

solvent, the residue was partitioned between ethyl acetate and saturated sodium bicarbonate 

aqueous solution. The combined organic layer was washed with brine, and dried over anhydrous 

sodtum sulfate. The titled compound was isolated via column chromatography on silica gel, as a 
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MS (ESI): m/e 259 (M+l)* 
5 Step 3: Preparation of 




to « r, To I** solution of me chloropyrimidine (from Step 2) (300ms 1 2mm 0 m„ 

10 (5mL), was added potassium cvanith n n m „ . , f «™™&1.9iimol)iiiDMF 

n 4fi „,, _ P 0 ™ 5 "™ =3™"*= (1 17mg, 1.7mmol) and p-tosylate sodium salt (83me 

temoT, ™T * WM ^ ^ 8 ° OC fa 2 h °™- A «" to room 

2^0^^ 
MS (ESI): m/e 250 (M+l) + 



20 Step 4: Preparation of 




25 ether (5ml.) ™ J^t^ « Ts^C Z^T" ^ " (16 ° mg ' " ^ " 

temperas fo, another , hour. Th e reaction mixture was paru^ S££ZZ. 
The aqueous layer was extracted with ethyl aeetate. He combined organic layer ll Z JT 
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'HNMR (CDCL3) (8, ppm): 9.41 <s, 1H), 8.02 (s, 1H), 7.81 (d, 7=7.0 Hz, 1H) 7 65 (d J-7 0 
»t 1H), 7.61 (d, 7=7.0 a. 1H), 7.48 (d, 7=7.0 Hz. 1H) , 2.76 (s, 1H). * 
MS (ESI): M/E 267 (M+l)* 



Steg_5: Preparation of 




To the solution of methylketone (from Step 4) (50mg, 0.19mmol) in DMP « m r l 
w. added N, N-dimethyl formamide dimethy, aeetal (0.034ml, .1^2^ 
Kfttt- - suned at room temperature for overnight. After removal of me so.ven, and less 
reagent the resrdne was dissolved in anhydrous THF, and teated with aged acetamidine in S 
suspension* mixture o, aeetamidine hydroch.or.de (26mg, 0.28m»o„ and po^uTtlZde 

ovenught. After coohng ,0 room temperatnre, the reaction mixture was diluted in water and 
over anhydro sod , um sulfete After concentratjon| ^ ^ • -bed 

MS (ESI): M/E 317 (M+l) + 
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EXAMPLE 218 



3 




N^COjjMe 
N 



oiv n • T °! he SOlUti0 " tfonn Example 217, Step 5) (50mg 

0.5mmo ) an pyridine (2xnL), was added selenium dioxide (166m g> l.Smmo,) The renting 
yeUow soluuon was refluxed for 20 hours. After cooling to room L^J^^Z 
.moved under reduced pressure. The residue was partitioned between ethyl acetate and 2N HC1 

ITZTZZ 7 T ^ 6thyl ^ COmWned ^ ~ cashed 

with brine and dried over anhydrous sodium sulfate. The crude acid was dissolved in MeOH 

and treated with excess 2.0M trimethylsnyldiazomethane in methanol solution at 
emperature for 10 minute, After concentration, the titled compound was isolated v a column 
chromatography on silica gel, as a yellow solid. 

(CDO*) Kg* ™ (, 1H>, 9.18 (d, 1=5.0 Hz, 1H), 8.68 ( m , 2H), 7.83 (d, 1=8.0 
Hz, 1H), 7.68 (,, 1=7.5 Hz, 1H), 7.55 (,, 1=7.5 Hz, 1H), 7.54 (d, 1=5.5 Hz, 1H), 4.06 (s, 1H ) 
MS (ESP: m/ e 361 (M+1) + 



EXAMPLE 219 




NL^CONH 2 
N 



• ^ Pyrimidine m6thyl ester < from Exa ^Ple 218) (14mg, 0.04mmol) in 
ammomum-methanol (2.0M, 2mL), was stirred at 70°C in a sealed tube. The reaction was stirred 

Ivt: e ~ °; erni8ht ^ CO ° Iing d ° Wn ' ^ ~*» — « - conce™ 
give the titled compound as yellow foam. 

1 HNMR(CDCL3)(5,ppm): 9.39 (s, 1H), 9.10 (d, J=5.0 Hz, 1H) 8 60 (s 1H) 8 57 f d T s n 
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MS (ESI): Mm 346 (M+l) + . 

• p ^Z 1 :*™* 1 ™ ° f tWS inV6nti0n Were Resized using the same procedures described 
in Examples 217-219 and are summarized in TABLE 7. 




EXAMPLE # 


R« 


Ri 


MS(m/e,M+n ■ 


220 


OCF 3 _, 


CH 3 


333 


221 


OCF3 


COOH 


363 


222 


OCF3 


CONH 2 


362 



EXAMPLE 223 




Step 1: Preparation of 




j j „ t ?° a S °' Uti0n ° f 6-bromopicoIinic acid (2.0g) in anhydrous DMP (10 mL) was 
^ * nB,d "* < 2 4 *>' «« «» «*— was sttad a, room temporal for 1 hour 
N.O-mmemy.hydroxyi- amine hydroohiorid* (l. 5g ) was men added and me reaetion was sdrred 

ZZT^T^Tn™' reaCti0 "- qUenCMng With Water < 3 ° - A waa extract 
wuh 2 x 20 ml porfons of BtOAc. The organic phaae was dried over sodium sulfate and 

Zn^Zt Cmde ^ PU,ified " y C ° 1Umn « -»» ge, 

using :>u% EtOAc m hexanes to gi ve the pure amide. 
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1 HNMR (CDCL 3 ) (5, ppm): 7.70-7.61 (m, 2H), 7.59 (t, J=7.5 Hz, 1H), 3.85 (s, 3H) 3 4 (s 3H) 
MS: m/e 245/247 (M+l) + * 



Step 2 : Preparation of 




A solution of the amide (from Step 1) (2.3g) in anhydrous THF (~3ml) was 
cooled to 0 °C, and methylmagnesiumchloride (9.4ml) was added. After stirring for lh at 0 °C 
the reaction was poured into 5% HC1 in ethanol, and the mixture was partitioned between brine 
and a 1:1 ether and methylene chloride. The organic phase was separated and dried over sodium 
sulfate and concentrated in vacuo. The material was used in the next step without any 
purification. 

iZ^S^r* 8 03(dd ' , »= 1 - 2 — J — •^• 7 -<-^.2,4( S ,3H). 
Step 3 : Preparation of 




To a solution of the ketone (from step 2) (0.8g) in a mixture of toluene (15 mL) 
8ml of ethanol (8 mL), and deionized water (8 mL) was added 2-trifluoromethoxyphenylboronic 
acid (0.824g) under N 2 . Sodium carbonate (0.848g) was added to the solution followed by 
tetrakistnphenylphosphine palladium (0.231g). The reaction was refluxed for 2h, cooled to room 
temperature and partitioned between EtOAc and water. The aqueous layer was extracted a 
second time with EtOAc. The combined organic phase was dried over sodium sulfate and 
concentrated in vacuo. The crude material obtained was purified by column chromatography on 
silica gel using 15% EtOAc in hexanes to yield the pure ketone 

"HNMR (CDCL3) (5, ppm): 8.03 (dd, 1H), 7.93 (dd, 1H), 7.88 (d, 1H), 7.87 (s, 1H 7 45 ( m 
2H), 7.39 (m, 1H), 2.78 (s, 3H). C ' 
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MS: m/e 282 (M+l) + 
Step 4 : Preparation of 




0 



To a solution of the ketone from Step 3 (0.96g) in DMF (3.5 mL) was added N N- 
dimethylformamide dimethyl acetal (0.44g), and the mixture was stirred at 150°C for 18h The 
reaction was then cooled to room temperature and partitioned between EtOAc and water The 
aqueous layer was extracted a second time with EtOAc. The combined organic phase was dried 
over sodium sulfate and concentrated in vacuo. The crude material obtained was used in the next 
step without purification. 
MS: m/e 337 (M+l) + 



> Step 5 : Preparation of 




Acetamidme hydrochloride (0.51g), anhydrous DMF (2ml) and potassium t- 
butoxide (0.605g) were placed in a 5ml-microwave reaction tube fitted with a stirbar. A solution 
of the product from step 4 (1.2g) in anhydrous DMF (2 inL) was added to the content in tube 
The reaction vessel was sealed and heated 140 °C for 20 min. The microwave tube was cooled 
and the reaction was partitioned between EtOAc and water. The organic phase was washed with 
water, dried over sodium sulfate and concentrated in vacuo. The crude material was purified by 
column chromatography on silica gel using 25% EtOAc in hexanes 

HNMR (CDCLs) (5, ppm): 8.78 (d, J= 5.3 Hz, 1H), 8.52 (dd, J=0.9 Hz and 7.8 Hz. 1H) 8 28 (d 
MS: m/e 332 (M+l) + 
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EXAMPLE 224 




A mixture of the methyl pyrimidine, fromExample 223, (0.4g),' Se02 (2 Ori and 
^hydrous pyridine (1 6 mL) was refluxed overnight. The reaction was L^J^S^L 

The cLl H f ^ P ' ^ ^ ° Ver SOdiUm SUlfate > was concentrated in vacuo 
The crude product was purified by reverse-phase column chromatography using CH3CN water 
containing 0.1% TFA to give the desired product. <~H3CN-water 
NMR (CDC13): 
MS: m/e 362 (M+l) + 



EXAMPLE 225 




wa , aHH h J° ! SOlUti ° n ° f ^ aCid (fr ° m Example 215) (° 2 g> in hydrous DMF (ImL) 
hou A H (° 178 ^ and the solution was stirred at room temp^tul^ 1 

~ t tT ^ ( ° 17g) Was then added and the ~*» ™ ™ 

ohZ J"™" WaS POUr6d int0 water (10-L) and extracted with EtOAc. The organic 
Phase was dried over sodium sulfate and concentrated * vacuo. The crude product obtained was 
Punfied by column chromatography on silica gel using 100% EtOAc in hexLes to ^TpuT 

NMR(CDC13): 



MS: m/e 361 (M+l) + 
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3 



To a solution of 6-methyl-2, 2 I -dipyridyl (l.Og) in CH 3 CN (12 mL) was added 
lodomethane (5.0g) and the reaction refluxed for two days. The reaction was cooled to room 
temperature and filtered. The filtrate was diluted with ether, and the precipitate formed (mono- 
methylated desired product) was filtered, washed with ether and dried in vacuo. 

To a cold solution of potassium ferricyanide (HI) (4.4g) in water (22ml) were 
added cold solutions of sodium hydroxide (4.5g) (in water (17.5ml)) and the above solid (1 04g) 
(m water (17.5ml)). The reaction was kept at 5° C for 4 hours and then extracted with 
dichloromethane. The product was purified by column chromatography on silica gel using 20% 
methanol in EtOAc. 



MS: m/e 201 (M+l) + 
Step 2 : Preparation of 




To a mixture of triphenylphosphine (0.682g) and dry acetonitrile (7ml) was added 
Br 2 (0.384g) dropwise under stirring at 0° C. The resulting mixture was stirred at ambient for Ih 
and then cooled down to 0° C. A solution of the compound from Step 1 in anhydrous acetonitrile 
(2 mL) was added to the reaction and refluxed overnight. The reaction was cooled, poured over 
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ice and filtered. The filtrate waa neutralized with 10% sodium carbonate solution and extracted 
w..h dichlommethane. The organic phase waa dried over sodium sulfate and cj££T 

£L I te^r ^ PUri " ed ^ C ° 1Wm *«— «* « * uai„ g 5% 
MS: m/e 249/251 (M+l)* 
Step 3 : Preparation of 




To a mixture of the bromo compound, from Step 2, (0.067g) and 2- 
Muoremedtoxyphenyl boronie acid (0.167g), anhydrous toluene (0.5mL) and potassium 
fiuonde (0.031g) were added triphenylphosphtae (0.007g) and palladium acetate (0.003g) under 

There **0" — -A«ed for 3h, cooled and partitioned between EtOAc and water The 
Wayer waa dried over sodium sulfate and concentrated in vacuo . The crude material 
obtatned was purified by column chromatography on silica gel using a gradient of 12-15% 
istOAc in hexanes to yield the pure product. 



MS: m/e 331 (M+l) + 

EXAMPLE 227 




A solution of the methyl pyridine (from Step 3 of Example 226) (0.068g) in 
anhydrous pyridine (3 mL) was treated with selenium dioxide (0.4g). The reaction was refluxed 
ovenught. The reaction was cooled, filtered through Celite and concentrated. The residuf 
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10 



15 



dissolved EtOAc, washed with 1 N HC1 and water. The organic phase was dried over sodium 
sulfate and concentrated. The product obtained was carried forward to the next step 
MS: m/e 361 (M+l) + • ' 

EXAMPLE 228 



NH 2 



The tifled compound was prepared from the acid obtained in Example 227 using 
.he procedure described in Example 216. The crude material was purified by column 
chromatography on silica gel using 50% EtOAc in hexanes to give the pure amide 

ZZ ( Z< y ™ i S ; n ?; ( * 1=76 * IH) ' 7 - 47 " 7 - 55 2 «>, 7.80 (d, ,=7.8 Hz, 
^ Jt™^ 8 - 3O(d - J = 7 - 8Ife ' 1H >- 8 -<*-^-'H).8.75 ( d, J= g.0H Z , 1 H ) 




EXAMPLE 229 




OH 



20 Step 1: Preparation of 




25 



A mixture of selenium dioxide (1.50g), dioxane (6mL) and deionized water (0 25 
mL) was stared at 50° C for 15 minutes to dissolve the selenium dioxide, and then the methyl 

for six 6 oT 217 ' 4X3 - ^ add6d ^ POrti ° n t0 the ~*» - d -fl-d 

for „ hours. The reactmn was cooled and filtered. The filtrate was concentrated in vacuo and 

the rescue (yellow) was diluted in 50% EtOAc in hexanes and washed with saturated sodium 

-74- 



WO 2004/084824 



PCT/US2004/008532 



10 



15 



20 



thiosulfate solution until the organic layer was clear. The organic phase was dried over sodium 
sulfate and concentrated. The crude keto-aldehyde was used in the next step without further 
purification. 



Step 2: 



30 



fn -t j s , ft0 T ° 3 SOlUtl ° n ° f thG keto -^yde (from Step 1) (2.8g) in anhydrous methanol 
(3.1mL) at -30 C was added a pre-cooled solution of L-alaninamide hydrochloride (1 20g) in 
anhydrous methanol (6.2ml). A 2M NaOH solution (6.2ml) was then added dropwise and the 
mixture was stirred at 0°C for 2h and then 2h at room temperature 

The reaction was quenched with 10ml of IN HC1, then neutralized with ~lg of solid sodium 
bicarbonate. The solvent was removed in vacuo and the residue was extracted with EtOAc The 
organic phase was washed with water, dried over sodium sulfate and concentrated to give a 
mixture of regioisomers of pyrazinones that were not separated and carried to the next step 
MS: m/e 347 (M+l) + F ' 

Step 3 : 

A mixture of the pyrazinone isomers from Step 2 (1.75g) and POCl 3 (8 mL) were 
placed in sealed tube and heated to 170° C for 18 hours. The reaction was concentrated in vacuo 
and the residue was dissolved in EtOAc. The organic phase was washed with 
water and saturated sodium bicarbonate solution, then dried over sodium sulfate The 
regioisomers were separated by column chromatography on silica gel using a gradient of 5-6% 
EtOAc m hexanes. The less polar isomer was then taken forward to Step 4 described below 
MS: m/e 365 (M+l) + 



25 Step 4 : 



To a solution of the chloropyrazine (from Step 3) (0.3 lg) in EtOH (3 mL) were 
added sodium acetate (77mg) and 10% (w/w) palladium on carbon (O.lg). The reaction was 
shaken under 45 pounds of hydrogen gas for four hours. After that period, the reaction aws 
filtered through a pad of Celite and the filtrate was concentrated in vacuo. The crude product 
was purified by column chromatography on silica gel using 15% EtOAc in hexanes to give the 
titled methyl pyrazine compound. 
MS: m/e 331 (M+l) + 
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EXAMPLE 230 




5 T ° asoIutionofAemet ^ 

anhydrous pyridine (0.3 mL) was added a solution of nBu^nO^O.llg) in pyridine (0 3 
mL) slowly and the reaction was stirred at room temperature for 30 mi, and the" c 
ovenught Two additional equivalents of tetrabutylammonium permanganate were added the 

10 ^^'^^'^^^^^^an. The reaction was allowed to 
10 cool to room temperature at which point it was quenched with saturated sodium thiosulfate 
sulfate. The aqueous layer was acidified to P H=1 with 1 N HC1. The aqueous layer was 

HCl7JrH eXtraCte t With POrti ° nS ° f ROAC - ^ ° rganiCS W6re further -shed with 1 N 
HC1 and dried over sodium sulfate. The organic material was concentrated via rotary evaporator 
No further purification was attempted. P 
15 MS:m/e361 (M+l) + 



EXAMPLE 231 



20 



25 




™h , ■ T" (54mg) (fr ° m EXample 230) WaS dissolved in 200ul ^ anhydrous DMF 

and treated with carbonyl diimidazole (49mg) at room temperature for 1 hour. Then solid 

ammonmm acetate (46mg) was added and the reaction was allowed to continue overnight The 

oTe Z^eT 6 " ^ ~T ° f ^ aqUe ° US ^ e " 2 * Wons 
of EtOAc. The organics were dried over sodium sulfate and concentrated on the rotary 

mOActh ^ T^** ^ " ^ C ° ,Umn Chr °~phy on silica gel using 50% 
EtOAc m hexanes to give the pure amide. 

'H NMR (CDC1 3 ): 6.06( S , 1H), 7.42-7.51 (m. 3H), 7.56 (d, 1=7.4 Hz, 1H) 7 66-7 70 (m 2H> 
7.82 (s, 1H), 7.95-8.20 (t, 1H), 8.20 (s, 1H). 9.29 (s, 1H). 9.45 (s. ^ ' ' ^ 

30 MS: m/e 360 (M+l) + 
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TABLE 8 




TABLE 9 



EXAMPLE* 


R 6 


R 1 


MS (m/e. M+l^ 


232 


OCF 3 


CH 3 


332 


233 


OCF 3 J 


COOH J 


362 


234 


OCF3 


COOCH3 


376 


1 235 


OCF3 


CONH, 


361 




EXAMPLE # 


~R € 


1? 


MS (m/e, M+l) 


236 


OCF3 


CH 3 


331 


237 


OCF3 


COOH 


361 


238 


OCF3 | 


CONH2 


360 


239 


CF 3 


CH 3 




240 


CF 3 


COOH 


315 

345 ~ 


241 


CF 3 


CONH2 


344 



Further examples of pyrazines compounds prepared are listed below. 
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Z/o 


OCF3 


F 


H 


1 CONH 2 


H 


1 378 


z/y 


OCF3 


H 


H 


H 


SCH 3 


1 363 


1 OOA 
ZOU 


OCF3 


H 


H 


H 


S(0)CH 3 


1 379 


z81 


OCF3 


H 


H 


H 


SO2CH3 


395 


zoz 


OCF3 


F 


H 


H 


COOH 


1 379 


283 


OCF3 


H 


H 


H 


CHO 


I 345 


I 284 


OCF3 


1 H 


H 


H 


COCTT, 


359 


285 


OCF3 


H 


H 


H 




342 


I 286 


OCF3 


H 


H 


H 


H 


316 


287 


OCF3 


H 


H 


H 


^> 


385 


I OOO 

zoo 


OCF3 


H 


H 


H 


CH(OH)CF 3 


414 ! 


zo9 


OCF3 


H 


H 


CH(OH)CF 3 


H | 


414 1 


290 


OCF3 1 


H 


H 


CONH 2 


OH 


376 1 


291 


OCF3 


H 


H 


CH 3 


CONH-tfiu I 


415 j 


zyz 


OCF3 


H 


H 


H 


COCF3 J 


412 i 


zyj 


OCF3 I 


H 


H 


H 


-OCH2SO2NH2 


426 


ZV4 


OCF3 


H 


H 


H 


-CH=CHC0 2 CH3 1" 


401 1 


295 


OCF3 | 


H 


H 


H 


-CH(NH2)CH 2 CONH2 


403 | 


296 


OCF3 


H 


H 


CONH2 


OCH3 | 


391 | 


297 


OCF3 . 


H 


H 


H 


-CONHCH(CH 3 )CONH 2 - 


431 1 


298 


0CF3 ; 


H ] 


Ei ] 


H 


-CON(CH 3 ) 2 ; 


388 
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321 


OCF 3 


1 H 


H 


I CH(CH 3 ) 2 


CONHOH 


376 


322 


OCF3 


H 


H 


H 


NHCONH2 


374 


323 


1 OCF3 


H 


CH 3 


H 


CONH 2 


373 


324 


1 OCF3 


H 


CH 3 


1 CONH2 


H 


373 


325 


I OCF3 


H 


1 H 


H 


NHCH2CONH2 


388 


326 


1 OCF3 


H 


H 


H 


NHC (=NH)NH 2 


374 


327 


1 OCF3 


H 


1 H 


H 


C(=NH)NH 2 


359 


328 


CF 3 


H 


H 


H 


COOH 


344 


329 


1 OCF3 


H 


CI 


H 


CONH2 


394 


330 


1 OCF3 


H 


CH 3 


COOH 


H 


374 1 


331 


OCF3 


H 


CH 3 


H 


COOH 


374 


332 


! OCF3 


H 


NH 2 


H 


CONH2 


375 


333 


OCF3 


H 


NH 2 


H 


COOH 


376 1 


334 


OCF3 1 


H 


CI 


H 


COOH 


395 { 


335 


OCF3 


H 


NH 2 f 


CONH2 


H 


375 1 


336 


0CF3 "T 


H 


CONHz 1 


H 


CONH 2 


403 1 


337 


0CH2CF3 


H 


H I 


CH 3 


CI 


379 


338 


0CH2CF3 


H 1 


H "T 


CI 


— 


379 


jjy i 




TX 1 

H 


H 


H 


CH 3 


345 


340 


OCH2CF3 


H 


H ! 


CH 3 


H 


345 


341 


OCH2CF3 


H : 




H 


CONH2 


374 1 


342 


OCH2CF3 


h n 




CONH2 ~ 




374 
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H 


H 


H 


H 


331 


1AA 


UCH2CF3 


H 


H 


H 


COOH 


375 




O—^l 


H 


H 


H 


COOCH3 ~~~ 


347 


1AA 




H 


H 


H 


CONH2 


332 






H 


H 


H 


CONHC(CH 3 ) 2 CONH 2 


445 




»JUJr3 


H 


H 


H 


CH(OH)CH 3 


361 




OCF3 


H 


H 


H 


NHS0 2 NH 2 


411 


350 


OCF3 


H 


H 


H 


N(CH 3 )CONH 2 


389 


351 


OCF3 


H 


H 


CH 3 


N(CH 3 )CONH 2 


403 


352 


OCF3 


H 


H 


N(CH 3 )CONH 2 


CH 3 


403 




EX. 
# 


R 6 


R 7 


R 4 


R 2 


R 1 


MS: 
m/e 


353 


CF 3 


5-F 


H 


H 


CONH 2 


(M+l) 

362 


354 


CF 3 


5-F 


H 


CONH 2 


H 


362 


355 


CF 3 


4-CF3 


H 


H 


CONH 2 j 


412 


356 


CF 3 


4-CF3 


H 


CONH 2 


H 


412 


357 


OCF3 


H 


F 


H 


CONH 2 


378 
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JJO 


OCJP3 


H 


F 


CONHa 


H 


378 






4-CF3 


H 


H _ 


H ~~ 


369 




CI 


3-C1 


H 


H 


COOCH3 


358 


361 


CI 


4-C1 


H 


H 




358 


362 


CI 


3-C1 


H 


H 


CONH2 


344 


363 


CI 


4-C1 


H 


H 


C0NH2 


344 


364 


CI 


6-C1 


H 


H 


CONH 2 


344 



EXAMPLE 365 




Examnle 36 m i T Z „ „ 2 - triflu0ronKtho Whenyl boronic acid obtained from Seep 1 of 
Example 36 (0.41g, 2 mMol) and 3-btomophenyl boronie add (0.4g, 2 mMo.) in n-propano, (5 

2 Z * V m ~ **" -* ^ * TOOm tem ~ N 2 L 15 

Zu Tc7 fl 2 8 T Ua °; ^ ' hen ^ Ph3P (0 ° 25g) ^ Pd( ° A * « 
£Tr w » "? " WaKr (0 ' 7 "** T " e tU ° e WM ~ W *> d the «» was heated in 

coT, d T ""^ MCI0WaVe r ~" t 3t 150 ° C to 500 «■ The reaction was 

coded and dt.uted with water. The mixtum was acidified with IN HC1 and extracted with 

T,' Jn! ? a "' C " WM WaShe " W """ ^ md o—*— * vocnt,. The LCMS 

twn SET b r niC "* ™ hiCh wi ' h ° ut «"""' «" - ■ 

mtxtnre of toluene (1.5 mL) and n-propano] (1.5 mL). The solution waa placed in a microwave 
teacher .tube and waa added Ph 3 P (0.050g) and PdtOAc), (0.005g) foUowed by 2^Zc0 3 2 
mL) and water (0.6 mL). The seated reaction tube was heated in Smith Creator Personal 
Chennatry Mterowave tostntment a, 150°C for 1200 sec. The reaction was cooled diluted win, 
water and extracted with EtOAc. The organic phaae was waahed with water, dried and 



84- 



WO 2004/084824 



PCT/US2004/008532 



concentrated in vacuo. The crude product was purified by radial chromatography using 
chloroform-methanol-ammonia (10:1:0.1) as the eluent to give the desired product 

S^TS' PPm) '' 8 0 1H> ' 7 ^ J=7 6 ^ ' 1H) ' 7 - 5 ~ 7 ' 6 3H) ' 7 36 - 7 44 ^ 



5 



MS (ESI): M/E 347 (M+l) + 
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